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ABSTRACT 
 
 The catcher is actively involved, defensively, in every pitch that is thrown during 
the duration of a baseball or softball game. Because catchers play such an active role, the 
outcome of the game can be decided on their ability to keep base runners from stealing 
and advancing into scoring position. The ability to throw out a stealing runner is a 
necessary skill that catchers must possess in order to be successful at their position. To 
keep a base runner from stealing catchers have the option of throwing down to second 
base from either their stance or their knees. Despite the importance of the catcher’s role, 
baseball and softball literature lacks quantitative data describing their throwing motion. 
Without proper knowledge of the catcher’s throwing motion it is impossible to identify 
detrimental pathomechanics that may be present. Improper mechanics that are performed 
repetitively may lead to injury and shorten the catcher’s career. 
 In addition to identifying the kinematics of the throwing motion of catchers it is 
also necessary to understand the muscle activations associated with those kinematics. 
Muscle activity reflects the muscle effort for initiating movement of the joints. The 
muscles analyzed were bilaterally gluteus maximus and medius, throwing arm biceps, 
triceps, deltoid, and scapular stabilizers. These muscles have previous been identified as 
active during the progression of throwing. Therefore the purpose of this study was to 
quantitatively describe and compare the kinematics and muscle activations of catchers 
throwing down to second base from their stance and their knees. 
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CHAPTER I 
 
INTRODUCTION 
 
Baseball and softball have become year round sports for many youth participants 
who play competitively. In softball alone the national governing body, the Amateur 
Softball Association (ASA), annually registers 83,000 teams across the country 
comprised of over 1.2 million girls (http://www.asasoftball.com). While the ASA is the 
most recognized association in softball there are other associations that many more teams 
choose to participate in competitively. The world’s largest sporting organization, Little 
League Baseball, has over 190,000 teams in more than 80 countries (Yen & Metzl, 2000). 
Despite the immense popularity of baseball and softball the majority of literature has 
focused on baseball pitching and softball pitching has just recently begun to be studied.  
While it is important to understand the biomechanics of both baseball and softball 
pitching for injury implications, catching has been overlooked by researchers. The 
catcher is the second most active position on the field following the pitcher. The catcher 
is the leader of the infield and is responsible for calling pitches and plays as well 
directing infielders on bunts and relay throws to home plate. Whereas the other fielders 
assume an athletic stance, with a stable base of support in preparation for a batted ball, 
the catcher assumes a unique squatting position. 
 In one of the few studies involving the throwing motion of catchers, researchers 
found that catchers had a significantly shorter stride length, an open foot position, closed 
foot angle, and reduced pelvis-trunk separation angle at foot contact as well as excessive 
elbow flexion during arm cocking (Fortenbaugh, Fleisig, & Bolt, 2010).  Additionally, 
the catchers also exhibited less forward trunk tilt at ball release when throwing to second 
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base than pitchers were observed throwing a similar distance. The catchers analyzed in 
this study had noticeably less upper trunk and shoulder velocities although these results 
were not statistically significant. It was thus suggested that catchers have a 
biomechanically less efficient throwing motion than other position players due to the 
reduction in upper trunk rotation and shoulder internal rotation velocities that lead to  
significantly less ball velocity.  
Having a less efficient throwing motion will impede the ability of a catcher to 
perform the duties required of their position. One of the most important tasks that a 
catcher has is to keep base runners from stealing and advancing to the next base. It is 
imperative that catchers are able to have quick ball transfer from the glove to the 
throwing hand in order to throw out a runner trying to steal a base. The base runner often 
has an advantage over the catcher because they are able to lead off the base. Regardless 
of the sport, baseball or softball, the catcher plays a pivotal role in controlling the 
outcome of a game. While the responsibilities of the catcher are the same for both sports, 
the rules governing certain aspects of the sports are different. The rules of softball make it 
illegal for a base runner to leave the base before the pitcher has released the ball. 
However, in baseball, base runners are allowed to leave before the pitcher has released 
the ball but the pitcher may attempt to pick off the base runner if they are off of the base. 
The rules of the two sports may be different but the level of difficulty for a catcher to 
throw out a stealing runner is the same. Base runners in baseball are allowed to lead off 
and leave before the pitcher releases the ball but they also have a farther distance to travel 
to get to second base safely. Softball players on the other hand have a much shorter 
distance to travel and less time to try and advance to second base. 
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Throwing a ball is a dynamic movement that requires sequential activation of 
muscles and segments from the most distal lower extremity, on to the torso, shoulder, and 
then the most distal segment of the hand and ball.  During pitching, the lower extremity 
and trunk musculature must be activated prior to upper extremity activation in attempt for 
normal efficient motor patterns (Cordo & Nashner, 1982; McMullen & Uhl, 2000; 
Zattara, 1982). Improper timing or inefficient sequential segment movement may place 
the throwing athlete at an increased risk of injury which may explain the increased 
occurrence of shoulder injuries in youth. Krajnik (2010) found that 1.72 shoulder injuries 
were reported per 10,000 exposures in high school baseball players and 1.00 shoulder 
injuries per 10,000 athletic exposures in softball players. Additionally, shoulder overuse 
injuries accounted for 24% of baseball injuries and 39% of softball injuries, while the 
most common injury suffered in both baseball and softball was muscle strain/incomplete 
tears. It is not surprising that overuse type injuries are prevalent in baseball and softball 
players due to the repetitive nature of throwing.  
Certain kinematic alterations in baseball pitchers have been found to place greater 
stress on the shoulder and elbow joints compared to pitchers who have flawless 
mechanics. Youth pitchers have a propensity for initiating trunk rotation early which can 
result in an increase in the horizontal abduction angle of the shoulder when striding 
(Keeley, Hackett, Keirns, Sabick, & Torry, 2008). It has also been found that pitchers 
who rotated their torsos early in their delivery exhibited increased shoulder internal 
rotation torque due to the shoulder lagging behind the rotated torso (Aguinaldo, 
Buttermore, & Chambers, 2007). In addition, the joint loads in the less experienced 
players had an increased probability of inducing resultant loads greater than the shoulder 
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stabilizing structures incur in attempt to compensate for early trunk rotation (Aguinaldo, 
Buttermore, & Chambers, 2007).  Early trunk rotation in youth pitchers often occurs 
when they try to rush their delivery. This kinematic alteration may lead to overuse 
injuries in youth who have not fully developed adequate muscular support for the torques 
acting on the throwing arm. 
When catchers throw from their knees they are eliminating the use of their lower 
extremities to transfer energy. Catchers will often chose to throw from their knees if a 
runner is stealing and the pitch is not in an ideal location to stand up and make the throw 
down to second base. If a pitch is in the dirt and the catcher is forced to drop to their 
knees in order to block the ball it is often easier for the catcher to remain on their knees to 
make the throw. Time is wasted if the catcher fields the ball in the dirt and then jumps up 
from the ground to make the throw. Throwing from the knees may lead to decreased torso 
rotation and place greater demand on upper extremity musculature in order to make up 
for the absence of energy generation transfer from the lower extremities.  
STATEMENT OF THE PROBLEM 
The purpose of the study was to quantitatively analyze the kinematics and muscle 
activations in baseball and softball catchers when throwing from their stance and knees. 
The kinematics analyzed focused on the torso, pelvis, shoulder, and elbow of the 
throwing arm. The points of kinematic analysis were stride foot contact, maximum 
external rotation, ball release, and maximum internal rotation. Muscle activations studied 
included the throwing arm biceps brachii, triceps brachii, deltoid, rhomboids (scapular 
stabilizers), and bilateral gluteus medius and maximus. Muscle activations were 
examined during the event leading up to the points of kinematic analysis. 
5 
 
HYPOTHESES 
The hypotheses for the current study included the following: 
1. Torso and shoulder kinematics will be significantly different when throwing 
from the knees and from the stance. 
2. Muscle activation will be significantly greater when throwing from the knees 
than the stance across the phases of throwing. 
SIGNIFICANCE OF THE STUDY 
This study was the first of its kind to analyze the kinematics and muscle 
activations in baseball and softball catchers when throwing down to second base from 
their stance and knees. The results of the study will be useful for coaches, parents, 
athletic trainers, and strength and conditioning coaches to help identify improper 
throwing mechanics and muscles that should be focused on during training or 
rehabilitation.  
ASSUMPTIONS 
1. Researchers assumed that participants were doing their best and treating testing 
like a game situation. 
2. Researchers assumed that the participants play catcher on a regular basis and 
were skilled to complete the given tasks. 
3. Researchers assumed that participants were free from injury at the time of 
testing. 
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DELIMITATIONS 
This study was delimited to male and female catchers in the region of Northwest 
Arkansas but should apply to catchers throughout the country. 
  
7 
 
CHAPTER 2 
LITERATURE REVIEW 
KINETIC CHAIN 
The body can be broken down into proximal and distal segments that encompass 
what is known as the kinetic chain. Proximal segments are comprised of the lower 
extremity and trunk and the distal segments are the shoulder, wrist, and hand. Kinetic 
chain movements can either be open-chain or closed-chain depending on the location of 
the distal segment. In an open-chain movement the distal segment is freely movable, 
while in a closed-chain movement the distal segment is fixed. Throwing is an example of 
an open-chain activity because the most distal segment, the hand, is free to move. 
Dynamic movements such as throwing should utilize the body’s entire kinetic chain in 
attempt to produce the most efficient movement. For proper energy transfer, the 
summation of speed principle states, each segment should start its motion at the instant of 
greatest speed of the preceding segment and reach a maximum speed greater than that of 
its predecessor (Putnam, 1993). The proximal segments of the legs and trunk work 
sequentially in effort to accelerate the shoulder for optimal force production in upper 
extremity activities (Pappas, Zawacki, & Sullivan, 1985). The lower extremity and trunk 
musculature must be activated before the arm motion occurs in order for normal motor 
patterns of the upper extremity to occur when pitching (Cordo & Nashner, 1982; 
McMullen & Uhl, 2000). Body segments accelerate from proximal to distal and each lags 
behind the adjacent segment, then accelerates past it at even higher velocity (Lintner & 
Noonan, 2008).  The dynamic overhand throw includes the following sequence of 
motions: stride, pelvis rotation, upper torso rotation, elbow extension, shoulder internal 
rotation, and wrist flexion (Fleisig, Barrentine, Escamilla, & Andrews, 1996).  If any of 
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the links in kinetic chain become deficient due to injury the transfer of forces, proximal to 
distal, will be hindered. According to Kibler (1998) a 20% decrease in kinetic energy 
delivered from the hip and trunk to the arm necessitates an 80% increase in mass or a 
34% increase in rotational velocity at the shoulder to deliver the same amount of force.  
Impaired control of any segment will result in larger forces/displacements throughout the 
system and injury will likely occur at the weakest link (Zazulak, Cholewicki, & Reeves, 
2008). 
LUMBO-PELVIC HIP COMPLEX 
The core has been described as the lumbo-pelvic-hip complex that incorporates 
anterior, posterior, medial, and lateral musculature (Leetun, Ireland, Wilson, Ballantyne, 
& Davis, 2004). The musculature of the core plays a vital role in dynamic movements, 
especially activities such as throwing. The gluteal muscle group plays a key role in 
stabilizing the pelvis during dynamic movements. The gluteus maximus functions as a 
hip extensor and external rotator. The gluteus medius acts as an abductor and is the main 
pelvic stabilizer in a single leg position. Injury or weakness of the gluteus medius will 
cause the pelvis to drop into an unstable position (Oliver & Keeley, 2010). Throwing 
involves a brief period where the athlete is in a single leg position and weakness of the 
gluteus medius can be detrimental. Dropping of the pelvis due to gluteus medius 
weakness may alter the transfer of forces up the kinetic chain which may cause the more 
distal segments to compensate for lost energy transfer.  
Kibler et al. (2006) described core stability as the ability to control the position 
and motion of the trunk over the pelvis and leg to allow optimum production, transfer, 
and control of force to the terminal segment in the activity. Core stability has also been 
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defined as the capacity of the body to maintain or resume a relative position or trajectory 
of the trunk following perturbation (Zazulak et al., 2008). The core contributes to the 
stability of the system in three ways: intra-abdominal pressure, spinal compressive forces, 
and hip and trunk muscle stiffness (Wilson, 2005).  The ability to maintain core stability 
is crucial during dynamic movements such as throwing. Zazulak et al. (2008) found that 
impaired trunk control requires other segments to exert higher forces and possibly 
undergo larger displacements to maintain stability. The larger forces that result from 
impaired trunk control may lead to injury over time. 
THROWING PHASES 
The act of repetitive throwing puts stress on the shoulder and elbow even when 
proper mechanics are utilized (Barrentine, Fleisig, Whiteside, Escamilla, & Andrews, 
1998). Today, baseball and softball athletes are participating year round as well as 
playing on multiple teams resulting in playing around 100 games a year and along with 
practices they throw the ball frequently. In attempt to better understand the throwing 
motion and where the positions of overuse and injury susceptibility ensue, the throwing 
motion is divided into five phases. Phase one or stride phase includes the start of the 
throwing motion to stride foot contact (SFC). During the stride phase the hips and upper 
torso rotate forward, toward the target, as the throwing arm is abducted and externally 
rotated (Keeley, 2008). The second phase is the arm-cocking phase and the duration of 
this phase is from SFC to maximum external rotation (MER) of the shoulder. A 
maximum value of shoulder rotation has been observed between approximately 180°-
185° during this phase (Fleisig, Barrentine, Escamilla, & Andrews 1996; Werner, Fleisig, 
Dillman, & Andrews, 1993). The acceleration phase, the third phase, consists of the time 
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of MER to ball release (BR). A throwing athlete can reduce the inertia that must be 
rotated at the shoulder during this phase by extending the elbow (Dillman, 1993). 
Following acceleration is the deceleration phase which is from BR to maximum internal 
rotation (MIR) of the shoulder. The shoulder rotates internally until it reaches 
approximately 0° additionally the arm horizontally adducts across the trunk in order to 
decelerate (Fleisig & Barrentine, 1996). The final phase of throwing is the follow through 
occurring from MIR to follow through.  Follow through is critical in minimizing injury 
risks and is completed with the extension of the stride leg, continued hip flexion, shoulder 
abduction, horizontal adduction, elbow flexion, and forearm supination (Dillman, 1993).  
KINETICS 
Kinetics of the shoulder and elbow throughout the phases of baseball pitching 
have been analyzed extensively. Peak distraction forces have been recorded at 108% ± 
16% body weight and less shoulder distraction occurred in pitchers with more flexed 
elbows at SFC (Werner, 2001; Werner et al., 2007). Pitchers who had more shoulder 
external rotation at SFC and those who kept their weight back longer tend to sustain less 
shoulder distraction according to Werner et al. (2007). Distraction forces act at the elbow 
and shoulder joints as the energy in the throwing arm is dissipated following ball release 
(Werner, Gill, Murray, Cook, & Hawkins, 2001). 
Late cocking and acceleration place the highest amount of stress on the shoulder, 
elbow, trunk, and legs (Lintner et al., 2008; Fleisig et al., 1996; Fleisig et al., 1995; 
Sabick, Torrey, Kim, & Hawkins, 2004). During arm cocking a large valgus torque acts 
about the elbow in part due to pelvis and torso rotation and rapid shoulder external 
rotation (Fleisig & Escamilla, 1996). Repetitive valgus loading may lead to ulnar 
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collateral ligament damage over time (Fleisig et al., 1996).  In addition it has been found 
that pitchers who rotated their torsos early in their delivery exhibited increased shoulder 
internal rotation torque due to the shoulder lagging behind the rotated torso (Aguinaldo et 
al., 2007). Aguinaldo and colleagues (2007) found that joint loads in the less experienced 
players had an increased probability of inducing resultant loads greater than the shoulder 
stabilizing structures as upper extremity musculature contributions augment the joint 
angular velocity in attempt to compensate for early trunk rotation. It was concluded that  
adult pitchers who initiated trunk rotation before front-foot contact exhibited significantly 
more elbow valgus torque than those who rotated after foot contact and that it increased 
with greater degrees of shoulder external rotation but decreased with more elbow flexion 
at BR (Aguinaldo & Chambers, 2009). Proper throwing mechanics play a role in the 
amount of torque experienced at the joints involved in the throwing motion. Improper 
mechanics place the upper extremity in vulnerable positions that may result in excessive 
torque acting about the shoulder and elbow. This makes the identification of proper 
throwing mechanics in catchers paramount in injury prevention.  
KINEMATICS AND YOUTH 
Many children begin participating in sports around the age of five and continue to 
participate throughout their childhood. Children who chose to play baseball and softball 
subject their throwing arm to repetitive stresses that may affect bone and muscular 
development. Change in shoulder range of motion in baseball players is evident after the 
age of 12 and results from adaptations during bone and soft tissue growth (Levine et al., 
2006). Studies comparing youth pitching mechanics to the mechanics of older and more 
experienced individuals have led to the identification of potential pathomechanics 
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exhibited in youth pitchers. Youth pitchers have been shown to have greater variability in 
front leg kinematics with front foot placement and front knee flexion at SFC compared to 
more experienced pitcher (Fleisig, Chu, Weber, & Andrews, 2009). While Fleisig (2009) 
found variability within kinematic parameters examined among various levels of 
competition they found no kinetic variability indicating less experienced pitchers are not 
at greater risk of injury due to kinematic variability differences.  A kinematic variable 
that has been found to be potentially detrimental is the timing of torso rotation. Youth 
pitchers have a propensity for initiating trunk rotation early which can result in an 
increase in the horizontal abduction angle of the shoulder when striding (Keeley et al., 
2008). In addition, when examining the upper extremity in youth and adolescent baseball 
pitchers five biomechanical parameters: leading with the hips, hand on top of the ball, 
arm in throwing position, closed shoulder, and stride foot toward home plate were 
analyzed (Davis et al., 2009). Youth pitchers who were able to perform more of these 
pitching parameters correctly had lower associated humeral internal rotation torque, 
elbow valgus torque, and higher pitching efficiency then those who did not. Youth 
pitchers are susceptible to injury from high torques because they are known to have joint 
laxity, underdeveloped musculature, and open epiphyseal plates (Leonard & Hutchinson, 
2010). 
In a recent study by Fleisig et al (2011) followed 481 youth pitchers for 10 years 
to determine the incidence of throwing injury. If was reported that youth baseball pitchers 
have a 5% risk of serious arm injury in a 10 year period. A risk factor associated with 
serious injury included pitching more than 100 innings in a calendar year. Those pitchers 
who did throw more than 100 innings in a year were 3.5 times more likely to sustain a 
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serious injury then those pitchers who pitched less than 100 innings. Another interesting 
finding of this study, while not statistically significant, was that those pitchers who also 
played catcher had two to three times higher risk of injury. While this study did not 
specifically study the risk factor of playing both positions the researchers believe the 
increased risk of injury is due to arm fatigue.  Many youth baseball and softball athletes 
play multiple positions during a season so this may have a profound effect on the 
occurrence of injury and future research should be directed at identifying the potential 
risks.  
HUMERAL TORQUE AND INJURY RISKS 
Near the end of the arm cocking phase opposing torques act on the two ends of 
the humerus. The distal humerus is externally rotating while the proximal humerus is 
beginning to internally rotate. This results in large net torque acting on the axis of the 
humerus which may potentially lead to proximal humeral epiphysiolysis in throwing 
athletes (Sabick et al., 2005). Torsion stress during the pitching motion has been 
calculated to be about 400% of the estimated shear strength of epiphyseal cartilage 
(Sabick et al., 2005). Pitchers with greater retrotorsion of the humerus have been found to 
have increased external rotation about their shoulder which may provide more energy to 
the kinetic chain and allow greater velocities to be generated (Osbahr, Cannon, & Speer, 
2002; Leonard & Hutchinson, 2010). Data have supported the likelihood of humeral shaft 
fractures at the end of the cocking phase, near the time of MER, when the external 
rotation of the humerus is being decelerated (Sabick et al., 2004). Lower peak humeral 
torque was found in pitchers whose elbows were more extended at stride foot contact 
(Sabick et al., 2004).  The kinematics of catchers throwing down to second need to be 
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analyzed in order to determine injury risk factors associated with repetitive throwing to 
second. Identifying and correcting potential pathomechanics of the throwing motion in 
catchers may help to keep the athlete free from injury and prolong their career. 
CATCHING 
There have been few published studies involving baseball or softball catchers 
while the literature is vast concerning pitching. The abundance of literature regarding 
pitching mechanics has identified pathomechanics in the phases of throwing and the risks 
associated with these mechanics over time.  In one of the few studies analyzing the 
throwing motion of catchers, catchers’ throwing out a runner at second was compared to 
pitchers’ throwing long toss the same distance as well as pitching (Fortenbaugh et al., 
2010). It was found that catchers had a significantly shorter stride length, an open foot 
position, closed foot angle, and reduced pelvis-trunk separation angle at foot contact as 
well as excessive elbow flexion during arm cocking and less forward trunk tilt at ball 
release. The authors suggested that catchers have a biomechanically less efficient 
throwing motion than other players due to the reduction in upper trunk rotation and 
shoulder internal rotation velocities that lead to a significantly less ball velocity. In a 
study examining shoulder injuries in high school baseball and softball athletes it was 
found that softball pitchers, first basemen, and catchers had an equal likelihood of 
sustaining shoulder injuries (Krajnik, Fogarty, Yard, & Comstock, 2010). Krajnik and 
colleagues (2010) also reported that baseball players had a 70% higher rate of shoulder 
injury than softball players. Previous research has identified that the ability to throw with 
a higher speed increased as catchers increased in physical stature (Sakurai, Elliott, & 
Grove, 1994).  In addition, peak horizontal flexion torque significantly increased from 
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ages 14-16 years old to those catchers 18 years and older and this correlated strongly with 
ball release speed (Sakurai et al., 1994). Thus by gaining a better understanding of 
throwing kinematics of catchers certain mechanical flaws may be identified to help 
reduce the risk of injury.   
ELECTROMYOGRAPHY OF THROWING 
There are limited electromyography studies examining the muscle activations 
during throwing, with the majority utilizing indwelling electrodes (Glousman et al., 1988; 
Jobe, Tibone, Perry, & Moynes, 1983; Jobe, Moynes, Tibone, & Perry, 1984; Moynes, 
Perry, Antonelli, & Jobe, 1986). These studies focused mainly on the rotator cuff and 
other glenohumeral joint stabilizing musculature. In a recent study regarding gluteal 
muscle activity during pitching it was reported that the gluteus maximus on the preferred 
drive leg had greater activation than the stride leg during arm cocking and acceleration 
phases (Oliver & Keeley, 2010). In addition gluteus medius activity in the plant leg 
increased after foot contact to approximately 145% MVIC and there was a positive 
relationship between the rate of axial pelvis rotation and plant leg gluteus medius activity 
at maximum external rotation and ball release. The biceps has been shown to be 
approximately 34% MVIC during the arm cocking phase and activity then decreased to 
less than 25% MVIC throughout acceleration until ball release (Jobe et al., 1984).  The 
triceps became active at the end of the arm cocking phase and exhibited strong activity 
during the acceleration phase where rapid elbow extension occurred. The deltoid has 
been shown to be active in early arm cocking and the follow through stages (Jobe et al., 
1983). In a study examining electromyography in professional and amateur pitchers the 
intensity of biceps muscle activity was greatest during late arm cocking (Moynes et al., 
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1986) these results were similar to a study by Glousman (1986). Muscles function to 
produce movement and position the joints of the body during movement. Therefore, 
understanding the activity level of muscles during certain movements is paramount for 
analyzing the kinematics associated with movement.  
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CHAPTER 3 
 
METHODS 
PARTICIPANTS 
 
A total of 20 participants (14.35 ± 4.68 years, 159.24 ± 18.32 cm, and 59.19 ± 
19.77 kg) throughout Northwest Arkansas, regardless of throwing arm dominance and 
experience level, participated.  Eighteen of the 20 participants were right hand dominant. 
All participants were injury free from the past 12 months and were recommended to 
participate by their coaching staff. All participants had recently completed their preseason 
insuring proper physical conditioning.   
TESTING LOCATION, ETHICS, CONSENT, AND HISTORY 
Testing was conducted in Gym 2 in the University of Arkansas Health, Physical 
Education, Recreation, and Dance (HPER) building. All protocols were submitted and 
approved by the University of Arkansas Institutional Review Board (IRB) prior to 
testing. Approved testing procedures were explained to participants and their 
parent(s)/legal guardian(s) and informed consent was obtained before participation. Each 
participant and their parent(s)/legal guardian(s) completed a detailed medical history 
form to determine any underlying conditions that may affect testing performance. 
Following the completion of all paperwork a set of anthropometric measures describing 
the length, width, depth, and circumference of all body segments were collected. 
(Appendix) 
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PARTICIPANT SET-UP AND PREPARATION 
SEMG ELECTRODE ATTACHMENT 
Prior to testing, the identified locations for surface electrode placement were 
shaved, abraded and cleaned using standard medical alcohol swabs. Subsequent to 
surface preparation, adhesive 3M Red-Dot bipolar surface electrodes (3M, St. Paul, MN) 
were attached over the muscle bellies of the throwing arm biceps brachii, triceps brachii, 
deltoid, rhomboids, bilateral gluteus maximus and medius, and the anterior superior iliac 
spine (ASIS) and positioned parallel to muscle fibers using techniques described by 
Basmajian and Deluca (1985). An electrode was placed on the bony prominence of the 
ASIS to serve as a ground lead for the muscles examined. Figures 1 and 2 depict 
electrode placement on the throwing arm. 
SENSOR ATTACHMENT 
Participants had a series of 10 electromagnetic sensors (Flock of Birds Ascension 
Technologies Inc, Burlington, VT) attached at the following locations: (1) the medial 
aspect of the torso at C7; (2) medial aspect of the pelvis at S1; (3) the distal/posterior 
aspect of the throwing humerus; (4) the distal/posterior aspect of the throwing forearm; 
(5) the distal/posterior aspect of the non-throwing humerus; (6) the distal/posterior aspect 
of the non-throwing forearm; (7) distal/posterior aspect of stride leg shank; (8) 
distal/posterior aspect of the stride leg femur; (9) distal/posterior aspect of non stride leg 
shank; and (10) distal/posterior aspect of non stride leg femur (Myers, Laudner, Pasquale, 
Bradley, & Lephart, 2005). Sensors were affixed to the skin using double sided tape, with 
the sensor cord pointed upwards, and then wrapped using flexible hypoallergenic athletic 
tape to ensure proper placement throughout testing. Following the attachment of the 
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electromagnetic sensors, an eleventh sensor was attached to a wooden stylus and used to 
digitize the palpated position of the bony landmarks (Myers et al., 2005; Wu et al., 2002, 
2005).  
VARIABLES 
The independent variable in this study was type of throw (stance and knee).  The 
dependent variables were the selected muscle activations and various kinematic 
measures. The muscles include the throwing arm bicep, triceps, deltoid and scapular 
stabilizers, bilateral gluteus maximus and medius. Kinematic measures that were 
analyzed were trunk flexion, trunk lateral flexion, trunk axial rotation, shoulder plane of 
elevation, shoulder elevation, elbow flexion, pronation, pelvis axial rotation, and pelvis 
lateral flexion. In addition, ball velocity was also measured.  
PROCEDURE 
Participants threw from specially designed wooden platforms that measured 
121.92 cm in length, 121.92 cm in width, and 42 cm in height. Three boxes were aligned 
adjacent to each other in order to provide the participant with adequate space to throw. 
The platforms were attached using wooden locks that keep the boxes from separating 
during throwing. Two of the platforms had cut-outs in order to fit 40.0 cm x 60.0 cm 
composite force plates (Bertec Corp., Columbus, OH) used to collect kinetic data. These 
platforms were placed next to each other and the third platform was attached behind 
them. A wooden tower measuring 243.84 cm in height, 45.72 cm in width, and 45.72 cm 
was placed beside the platforms in line with the first force plate in order to limit the 
distortion of the magnetic field created by the extended range transmitter (ERT) that was 
located on the top shelf of the tower (Figure 3). 
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SEMG 
  In the current study, the selected inter-electrode distance was 25 millimeters 
(Kendall, McCreary, Provance, Rodgers, & Romani, 1993). Surface electrodes were 
chosen for use because they have been deemed to be a noninvasive technique that reliably 
detects surface muscle activity (Basmajin & Deluca, 1985; Kendall et al., 1993; 
Hintermeister, Lange, Schultheis, & Hawkins, 1998). Electrodes were secured prior to 
conducting three manual muscle tests (MMT) for each muscle. All protocols were 
explained to ensure the participant’s full understanding so maximum contractions could 
be obtained. These MMTs identified the approximate maximum voluntary isometric 
contraction (MVIC) for each muscle and were performed following the techniques 
described by Kendall et al. (1993). All MMTs consisted of a five second isometric 
contraction for each muscle, with MVIC data for the first and last second of each 
contraction removed to obtain steady state results. Each MMT was conducted to establish 
baseline readings for each participant’s maximum muscle activity to which all sEMG 
data can be compared.  
Electromyographic data were collected via a Noraxon Myopac 1400L 8-channel 
amplifier (Noraxon USA, INC, Scottsdale, AZ). The signal was full wave rectified and 
root mean squared at 100 ms. Throughout all testing, sEMG data were sampled at a rate 
equal to 1000 Hz. A classification system for muscle activation was created that allows 
researchers to determine how active a muscle is during movement when compared to its 
MVIC (DiGiovione, Jobe, Pink, & Perry, 1992; Escamilla & Andrews, 2009). Low 
muscle activity is considered to be between 0-20% MVIC while moderate activity is 21-
40%.  High muscle activity is 41-60% and very high activity is >60%.  
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TESTING PROTOCOL 
Participants were allotted an unlimited time to warm-up and gain familiarity with 
the testing surface. In addition to performing their regular pre-competition warm-up they 
were required to perform test trials of throwing down to second base from their squatting 
stance to assure that they landed properly on the force plates. After the participants 
deemed themselves warm the testing began. Participants were randomly assigned a 
starting order of throwing tasks to be completed. A pitcher was present to best simulate a 
game experience with the catcher receiving the thrown pitch and throwing the ball down 
to second base. The pitcher was instructed to place the pitch as close to the middle of the 
home plate as possible. Each participant performed five throws each from their stance 
and knees, in randomized order, to a position player at second base located the regulation 
distance from home plate. The regulation distance varied between sports and age group. 
The regulation distance for softball catchers, regardless of age, was 25.6 m.  The catching 
surface was positioned so that the participant’s stride foot would land on top of a 40 x 60 
cm Bertec force plate (Bertec Corp, Columbus, Ohio) which was anchored into the floor. 
For the current study, those data from the fastest throw to second base were selected for 
detailed analysis. Velocity of the throw was determined by a JUGS radar gun 
(OpticsPlanet, Inc., Northbrook, IL) positioned at the base of the catching surface and 
directed towards second base. 
REDUCTION AND ANALYSIS OF DATA 
When analyzing the kinematic data from the MotionMonitorTM the throwing hand 
dominance was taken into account to assure that the data could accurately be compared 
between right and left hand dominant catchers.  For the two left handed participants, 
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sensor assignment was changed prior to analysis so that all data would represent a right 
handed participant. In addition, when analyzing the sEMG data for the left handed 
catchers, the data were compiled so that the lower extremity activations would be similar 
to compare based on that data from right handed catchers. Meaning the stride leg and the 
drive leg for both left and right hand dominant catcher would be the same. The stride leg 
was defined as the leg that moved toward second base during the throw. For the right 
handed participants, the left leg was designated as stride leg while the left handed 
participants their stride leg was the right leg. The drive leg was considered to be the back 
leg that initiates pelvis and trunk rotation. The drive leg for both right and left handed 
participants was contralateral to their stride leg.  For the purpose of this paper all the data 
were reported based on the right handed participants.    
Descriptive statistics were calculated for all sEMG and kinematic data. Paired 
samples t tests were performed to determine which kinematic variables of trunk flexion, 
trunk rotation, trunk lateral flexion, shoulder plane of elevation, shoulder elevation, 
elbow flexion, pronation, pelvis axial rotation, and pelvis lateral flexion were different. 
To determine differences between muscle activations, between the two types of throws, 
paired sample t tests to determine the muscles that were significantly different by phase. 
The level of significance was set at P < .05. 
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CHAPTER 4 
RESULTS 
  
A total of 20 catchers (14.35 ± 4.68 years, 159.24 ± 18.32 cm, and 59.19 ± 19.77 
kg) volunteered to participate. Of the participants two were left hand dominant while the 
rest were right hand dominant. Detailed descriptive statistics regarding the participants' 
age, height, and mass are presented in Table 4.  Descriptive statistics were calculated for 
all sEMG and kinematic variables for the fastest throw from the stance and knees. Table 
1 includes descriptive statistics for sEMG data when throwing from the stance and Table 
2 are throwing from the knees data. Graphically, data comparing throwing from the 
stance and knees for each muscle are presented in Figures 9-16.   
It was hypothesized that muscle activations, when throwing from the knees, 
would be significantly greater than those activations recorded throwing from the stance.  
However this hypothesis was not supported following data analysis. No significant 
differences were observed between muscle activations at the phases leading up to FC, 
MER, BR, and MIR when throwing from the stance and knees. When throwing from the 
stance, the mean magnitude of bilateral gluteus maximus activity increased throughout 
the throwing motion reaching a maximum value at maximum internal rotation.  The right 
gluteus medius reached maximum activity at MER, then decreased at BR and increased 
again at MIR.  However, the left gluteus medius increased throughout the movement 
reaching peak activity at MIR. Muscle activity of the biceps and scapular stabilizers 
followed a similar pattern of steadily increasing until reaching their MIR. The activity of 
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the triceps and deltoid musculature reached a maximum mean activation at MER and 
then decreased throughout the duration of the throw. 
 The right gluteus medius and left gluteus maximus, when throwing from the 
knees, were observed to increase until reaching a maximum value at BR and then slightly 
decreased during the next phase. The left gluteus medius peaked at MER and then 
decreased during the rest of the movement. The right gluteus maximus increased as the 
throwing motion progressed. The biceps and scapular stabilizers reached maximum 
activity at BR and then slightly decreased at MIR. Deltoid activity increased from FC to 
MER, then decreased slightly at BR before peaking at MIR. In addition, activity of the 
triceps peaked at MER and then decreased as the throwing motion continued. 
 The second hypothesis was that there would be significant kinematic differences 
between the two throwing types. Kinematic data are presented in Tables 2 and 3. 
Throughout throwing from the stance the amount of trunk flexion increased as did the 
amount of trunk lateral flexion to the left and trunk axial rotation to the left (glove side). 
The pelvis also exhibited similar movement patterns of axial rotation and lateral flexion 
as did the trunk. Shoulder elevation (humeral abduction) gradually increased from the 
start of the motion until reaching a mean maximal angle of 77° at the point of MER. 
Following the peak of shoulder elevation at MER, the amount of shoulder abduction then 
decreased indicating that the catchers began to drop their arm. Shoulder plane of 
elevation was observed to be in flexion through the phases leading up to MER and then 
the shoulder began to extend leading up to BR.  At FC the shoulder was already 
externally rotated and external rotation continued until MER. The elbow was observed to 
be maximally flexed at FC and then as the throwing motion continues the elbow 
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extended. The forearm was pronated at FC, then supinated at MER, and pronated again 
until it reaches its maximum mean at MIR.   
 Trunk flexion when throwing from the knees increased as the throwing motion 
progressed. The trunk and pelvis were observed to laterally flex and rotate to the left 
during the motion. The humerus reached a maximum degree of 64° elevation at MER. 
The plane of elevation for the humerus was observed to be in extension up to the point of 
BR and then leading up to MIR the humerus moved into a position of flexion. The 
shoulder was externally rotated through MER and then began to internally rotate. The 
elbow extended as the throwing motion progressed when catchers threw from their knees. 
Pronation of the forearm was greatest at MIR. 
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CHAPTER 5 
DISCUSSION 
  
With few studies having examined electromyographic activity during throwing, 
none have examined the throwing motion of catchers.  This study successfully analyzed 
both the kinematics and muscle activations of catchers throwing down to second base.  
The catcher is instrumental in keeping base runners from stealing and advancing to the 
next base during a game. By preventing a runner from stealing a base the catcher is 
keeping that runner from scoring which directly affects the outcome of the game. 
Understanding the patterns of muscle activation during the throwing motion is essential 
to determining joint movements. Throwing is a dynamic movement that involves the 
entire kinetic chain with energy being transferred from the lower extremities to the 
shoulder, elbow, and hand. For energy to be transferred effectively the proximal base of 
support must be stable which allows for distal segment mobility (Oliver et al., 2010; 
Putnam, 1993).  
The surface electromyography equipment used in this study was capable of 
analyzing eight muscles of both the lower and upper extremity. Those muscles analyzed 
were the biceps, triceps, deltoid, scapular stabilizers, and bilateral gluteus maximus and 
minimus. The muscles were selected based on the successful detection reported in 
previous throwing studies (Oliver et al., 2010; Oliver, Plummer, & Keeley, 2011). Based 
on the classification system, the activity of the right gluteus medius was moderate at the 
phase leading up to FC, high at MER, then dropped back down to moderate at BR, and 
then high again at MIR when throwing from the stance. The gluteus medius functions to 
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internally rotate the hip and based on the results of this study this muscle is highly active 
throughout throwing. When the gluteus medius is weak the pelvis will tilt towards the 
opposite side when standing on one leg. This is known as Trendelenburg’s sign and if 
present, during the throwing motion, trunk and shoulder kinematics may be affected.  
In the only previous study examining gluteal activity in baseball pitchers Oliver et 
al. (2010) observed an inverse relationship between preferred (drive leg) gluteus medius 
activity and the rate of pelvis axial rotation. The activity of the left gluteus medius and 
maximus, in the current study, was low during the first two phases and then increased to 
moderate as the throwing motion progressed. The current results differ from data 
published in the literature where pitchers were observed to have decreased gluteal 
activation as the pitching phases progressed (Oliver et al., 2010). The current data of the 
right gluteus maximus reported low activity at foot contact and moderate activation 
during the rest of the throwing motion. The gluteus maximus functions as a hip extensor 
and external rotator.  Based on the results of the current study it is evident that the right 
hip extends and externally rotates as the throwing motion progresses. Oliver et al. (2010) 
observed greater preferred (drive leg) gluteus maximus activity, in baseball pitchers in 
excess of 100% MVIC, through arm-cocking and acceleration phases and attributed these 
findings to hip external rotation occurring. The difference in drive leg gluteal activity 
between the current data and previously published data may indicate that catchers are less 
efficient at activating their gluteal muscles for hip extension and external rotation 
compared to pitchers. The mound that pitchers throw from may also be a factor that 
contributes to the greater gluteal activation observed. The study by Oliver et al. (2010) 
also determined that there was a strong correlation between pelvis axial rotation and 
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preferred gluteus maximus activity at the phases leading up to MER and BR. In addition, 
the results of the current study display that the pelvis rotated to the left, from its position 
at FC to MER, and continued to rotate to the left leading up to BR. Right gluteus 
maximus activity was not observed to be as high as those values reported by Oliver et al. 
(2010) but the pattern of activation was similar between the two studies.  
Biceps activity was low during the first three phases of throwing but reached 
moderate activity leading up to MIR. The biceps functions to flex the shoulder and 
elbow, supinate the forearm, and abduct the humerus when it is externally rotated 
(Kendall et al., 1993). Activation of the triceps leads to extension of the elbow joint and 
also assists in adduction and extension of the shoulder joint (Kendall et al., 1993). 
Triceps activity was moderate at the beginning and end of the throwing motion but 
exhibited high activity leading up to MER and BR when throwing from the stance. This 
pattern of activation is similar to what has been reported in baseball pitchers with elbow 
extension beginning at the late arm-cocking phase (Fleisig et al., 1996). The elbow begins 
extending before internal rotation occurs to reduce the resistance of inertia allowing the 
humerus to internally rotate at a greater velocity (Fleisig et al., 1996). The position of 90° 
of humeral abduction, during maximum external rotation, makes the upper extremity 
vulnerable to injury even with proper throwing mechanics. At this point in the throwing 
motion a large valgus torque is placed on the elbow and to counter this torque a varus 
torque must be generated by extending the elbow (Fleisig et al., 1996).  
Deltoid activity was moderate at the beginning of the throwing motion before 
reaching very high leading up to MER and decreasing to low as throwing progressed. The 
deltoid is responsible for abducting the shoulder so it is not surprising that its maximal 
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activity occurred leading up to MER. The optimal position of the humerus during 
throwing is 90° of abduction which is the point the shoulder should be at during MER. 
The data revealed that at MER shoulder elevation only reached 77°. Activity of the 
scapular stabilizers was low to moderate throughout the motion. The scapular stabilizers 
initiate retraction of the scapula. It has previously been reported that full arm elevation 
requires maximum scapular retraction as well as hip extension (McMullen & Uhl, 2000). 
The low to moderate activity of both the scapular stabilizers and drive leg gluteus 
maximus may explain why catchers did not reach 90° of abduction when throwing from 
their stance or knees. 
When throwing from the knees muscle activation of the right gluteus medius, 
maximus, and left gluteus maximus was low at FC but reported as moderate throughout 
the rest of the throwing motion. The left gluteus medius displayed moderate activity 
throughout all phases except the phase leading up to MER, where activity was reported as 
high.  
Examining the upper extremity when throwing from the knees, the biceps activity 
was low at the beginning of the motion but reached moderate levels leading up to MER, 
while the triceps had low activity through the duration of the throwing motion. 
Significant differences were observed in elbow flexion values between the two throws 
leading up to BR and MIR. When catchers threw from their knees they did not extend 
their elbow as much which could result in increased valgus torque acting about the 
elbow. Deltoid activity did not reach moderate until the end of the throwing motion 
leading up to MIR. This may explain why the humerus did not fully elevate to an optimal 
position of 90°. Maximum shoulder elevation was observed to be 63° and this occurred at 
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MER. While no significant differences in elevation were observed, between the two 
throwing motions, the shoulder did not elevate as high when throwing from the knees as 
it did when catchers threw from their stance.  
The movements of the pelvis and torso throughout throwing are important to 
understand. The pelvis and torso are responsible for transferring the force generated from 
the lower extremity up the kinetic chain to the shoulder, elbow, and wrist. Significant 
differences between the two throws were observed in trunk lateral flexion, trunk axial 
rotation, pelvis lateral flexion, and pelvis rotation. Trunk lateral flexion, to the left, was 
significantly greater at MER, BR, and MIR when throwing from the stance. Additionally, 
the pelvis, at FC, was observed to be significantly more flexed to the right when throwing 
from the stance. Pelvis rotation was significantly greater to the right when throwing from 
the stance at FC, BR, and MIR. Trunk axial rotation was significantly greater at FC when 
throwing from the stance compared to throwing from the knees. The decrease in trunk 
axial rotation when throwing from the knees indicates that the catchers were not fully 
rotating their torso to their target, second base, which may hinder the transfer of force to 
the shoulder. With decreased trunk axial rotation may predispose the shoulder to great 
compensations in attempt to maintain optimal force production.  
LIMITATIONS 
A limitation of this study was the variability observed between kinematic and 
surface electromyographic data. It is not uncommon for variability to exist in EMG data 
as this was also the case for another study examining activity of shoulder stabilizing 
musculature when using a rehabilitation device (Tucker, Armstrong, Swartz, Campbell, 
& Rankin, 2005). Tucker et al. (2005) attributed the high standard deviations of the mean 
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to participants performing the exercises at their own pace and the effectiveness of the 
device to consistently isolate the studied musculature. The normalization of 
electromyographic data was based on the percent MVIC recorded through manual 
muscles testing. If some participants exerted maximal force possible and others did not 
then variability will be present. Manual muscle testing is performed using isometric 
contractions and the throwing motion analyzed is dynamic in nature which may explain 
also explain the variability observed. The age and amount of experience catching 
between participants in the current study was vast and likely played a role in the 
variability of the results. The sample size was also not very large and future research 
should aim at analyzing participants in the same age group to limit potential variability.  
 
 
 
 
 
 
 
  
32 
 
CONCLUSIONS 
 
The results of this study provide a much needed analysis of the throwing motion 
of catchers. This study successfully quantified and compared the kinematics and 
electromyographic activity, of eight selected muscles, in catchers throwing from their 
stance and knees. Kinematic differences were observed between the two throwing styles 
utilized by participants.  A notable difference observed, between the types of throw, was 
the decreased angle of arm elevation when catchers threw from their knees. This may be 
the result of a rushed delivery that limits the time the catcher has to elevate the humerus 
to the optimal position of 90° abduction.  By not reaching proper arm elevation additional 
stresses may be placed on the upper extremity that may lead to injury. 
 No significant differences were observed in muscle activations between throwing 
from the stance and knees. Based on the muscle activity reported in this study, coaches, 
athletic trainers, physical therapists, and strength and conditioning coaches now have a 
basis for implementing training and rehabilitation programs for catchers. Strengthening 
the lumbo-pelvic hip complex should be incorporated into training and rehabilitation 
programs for catchers.  Moderate activity of bilaterally gluteus maximus and minimus 
was observed in catchers throwing down to second base from their stance and knees. 
These results indicate that the gluteus maximus is actively extending and externally 
rotating the hip as the throwing motion progresses while the gluteus minimus is acting as 
a hip internal rotator. The gluteal muscle group is responsible for controlling the 
movement of the pelvis and for proper stabilization to occur this muscle group must have 
sufficient strength. The inability to stabilize the pelvis during dynamic movement will 
affect the transfer of energy up the kinetic chain potentially leading to injury over time.  
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 Throwing is a dynamic movement that utilizes the entire kinetic chain to transfer 
energy from the ground to the most distal segment. Training and rehabilitation of catchers 
should include exercises that incorporate the entire kinetic chain. Exercises should 
progress from isometric, to isotonic single plane movement, and then to multi plane 
isotonic exercises that are dynamic in nature.  Specific gluteal strengthening exercises for 
softball pitchers are outlined by Oliver (2011), but these exercises may be used for 
catchers as well since both pitching and catching activate the gluteal muscles. 
Implementing these exercises as well as other lumbo-pelvic strengthening exercises may 
decrease the risks associated with overhand throwing activities.     
RECOMMENDATIONS 
Further research should be conducted to validate the results of this study. In 
addition to the muscles analyzed in this study, other upper and lower extremity 
musculature should be examined to determine their level of activation during the 
throwing motion. This will allow for a better understanding of how the kinetic chain 
functions when catchers throw down to second base. Kinetic data should also be 
calculated to determine the torques acting on the upper extremity when catchers throw 
down to second base from their stance and knees. It is also essential to determine how 
pathomechanics affect the kinetics acting about the upper extremity during throwing.  
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Explanation and Purpose of the Research  
You are being asked to participate in a research study for Dr. Oliver, Dayna Huckabee, 
David Keeley, and Hillary Plummer. Before agreeing to participate in this study, it is 
vital that you understand certain aspects of what might occur. This statement describes 
the purpose, methodology, benefits, risks, discomforts, and precautions of this research. 
This statement describes your right to anonymity and your right to discontinue your 
participation at any time during the course of this research without penalty or prejudice. 
No assurances or guarantees can be made concerning the results of this study.   
This study is designed to investigate the muscle activation patterns in softball catchers.  
This study, by way of examining both the biomechanics and muscle activity, will attempt 
to identify patterns of muscle activation that may contribute to the development of 
common overuse injuries.   
 
Research Procedures 
 
To be considered for this study, you must be deemed free of injury for the last 6 months. 
Throwing arm dominance will not be a factor in selecting participants for this research. 
 
Testing in this research will require the evaluation of height, body mass, body segment 
length, body segment circumference, and age. Body mass and height shall be measured 
with a medical scale and will be recorded to the nearest tenth of a kilogram and 
centimeter. Limb segment length and circumference will be measured with a standard 
anthropometric kit and recorded to the nearest centimeter. Age will be determined from 
this consent form and will be recorded to the nearest month. 
 
Once all preliminary paperwork has been concluded, you will be required to dress in only 
a tee-shirt, a pair of shorts, socks, and tennis/turf shoes during testing. After dressing skin 
mounted electromagnetic sensors will be placed at the following locations: 1) the lateral 
aspect of the distal leg segments; 2) the posterior aspect of the pelvis; 3) the posterior 
aspect of the 7th cervical vertebra; 4) the lateral aspect of the distal arm segments; and 5) 
the superior aspect of the head. Placement of the electromagnetic sensors at these 
locations allowed the kinematics of the pitching motion to be properly monitored.  
EMG activity will be recorded through bipolar surface electrodes will be placed over the 
following muscles on your right and left: gluteus maximus, and gluteus medius, dominant 
biceps brachii (front of upper arm), triceps brachii (back of upper arm) and scapular 
stabilizers (rhomboids and traps[lower border of the scapula]). Surface electrodes will be 
chosen because they are noninvasive and are able to reliably detect surface muscle 
activity. Prior to electrode placement your skin will be cleaned with alcohol. Skin must 
be cleaned in order to decrease any type of interference that could occur from dirt, sweat, 
or hair. Adhesive electrodes will be placed over the muscle bellies and parallel to the 
direction of the underlying muscle fibers.  Each set of bipolar electrodes from each of the 
8 muscle sites will be connected to a Noraxon amplifier/encoder/fiber optic transmitter by 
Noraxon Systems.  EMG data will be collected with analog data acquisition package of 
MotionMonitor Software. To assure proper electrode placement, manual muscle tests will 
be preformed through maximum contractions.  
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Following the placement of both the electromagnetic sensors and the EMG electrodes, 
you will perform your own specified pre-competition warm-up routine. During the warm-
up period, we ask that you contribute five minutes to throwing off the pitching surface 
being used in this study.  
During the warm-up period, it will be required that subjects contribute five minutes to 
throwing and progressively work their way to throwing from the total 85 feet distance 
required for the throw to second base.  After completing the warm-up, a pitcher (one of 
the investigators) will pitch 10 strikes to the catchers.  For the first five pitches, the 
catcher will throw to second base from a stance position.  For the second five pitches, the 
catcher will throw to second base from the knees.  A 40-60 second recovery period will 
be allowed between each trial.  Because of the limited number of throws, the fatigue 
factor will be deemed to be negligible. It is estimated that each testing session will 
require less than 60 minutes of participation.  
 
Potential Risks 
Potential risks related to your participation in the study include minimal muscle soreness, 
fatigue, and minor skin irritations due to the adhesive electrodes. The risks of muscle 
soreness have been minimized based on the allotment of a warm-up period of stretching 
before activity. To avoid soreness, you will be instructed to stretch and cool-down for 
five minutes at the completion of all data collection. If you at any time feel discomfort or 
fatigue during the data collection you are allowed to stop.  Minor skin irritations will be 
decreased through the use of an alcohol base preparation solution that will be applied to 
the skin prior to electrode placement.  It should be noted that tight clothing are important, 
because loose fitting clothing will not allow for the adequate electrode placement and 
containment of the electrode wiring. Confidentiality will be achieved by supplying you 
with a randomly assigned number.  
 
Confidentiality 
Confidentiality will be protected to the extent that is allowed by law. A code number will 
be given to all of your data information. Only the investigators will have access to the 
data. All data will be stored in a locked filing cabinet in the investigator’s office.  The 
data will be erased and destroyed within fifteen years. It is anticipated that the results of 
this study will be published; however, no name or other identifying information will be 
included in any publication. 
The researcher will try to prevent any problem that could happen because of this 
research. If at any time there is a problem you should let the researcher know and she will 
help you.  However, the University of Arkansas does not provide medical services of 
financial assistance for injuries that might happen because you are taking part in this 
research. 
 
Participation and Benefits 
Your involvement in this research study is completely voluntary, and you may 
discontinue your participation in the study at any time without penalty.  
 
Questions Regarding the Study 
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If you have any questions about the research study you may ask the researcher; the phone 
number is at the top of this form.  If you have any questions about your rights as a 
participant in this research or the way this study has been conducted, you may contact the 
University of Arkansas Office of Research and Sponsored Programs at 479.575.3845 or 
via e-mail at rsspinfo@uark.edu. You will be given a copy of this signed and dated 
consent form to keep. 
  
 
_____________________________________________       ______ 
Printed Name of Participant      Age of Participant 
 
 
_____________________________________________       _________________ 
Signature of Participant      Date 
 
 
 
_____________________________________________   
Printed Name of Parent/Legal Guardian     
 
 
_____________________________________________      ________________ 
Signature of Parent/Legal Guardian     Date 
 
The above consent form was read, discussed, and signed in my presence. In my opinion, 
the person signing said consent form did so freely and with full knowledge of its 
contents. 
 
_____________________________________________  _________________ 
Signature of Investigator      Date 
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HEALTH HISTORY QUESTIONNAIRE 
 
HEALTH AND SPORT HISTORY QUESTIONNAIRE 
 
Part 1. Participant Information 
Name: 
 
Date of Birth: 
 
Home Address: 
 
City & State: 
 
Home Phone Number:     Emergency Phone Number: 
 
Height:          ft        in 
 
Mass (weight):             lbs 
Gender: Male        Female 
 
Part 2. Athletic Participation 
(Circle or fill in your responses) 
 1. Are you currently cleared to participate in throwing activities? YES       NO 
  
2. What arm do you use to throw?  RIGHT      LEFT 
  
3. What position is your primary position? 
  Pitcher   Catcher   1st    2nd    3rd     OF    
  
4. At what competition level are you currently playing at? 
  NCAA Div. I     NCAA Div. II     NCAA Div. 3     High School 
  
5. For how many years have you been participating at this level?         /years 
  
6. Is baseball/softball your primary sport? YES NO (If NO, list sport          ) 
  
7. At what age did you begin to play competitive baseball/softball?            years 
old 
  
8. During the season, how many hours per week do you spend: 
  a. Playing baseball/softball?                 hrs/week 
  b. On upper extremity training /conditioning?            hrs/week 
  
9. During the off-season, how many hours per week do you spend: 
a. Playing baseball/softball?                 hrs/week 
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  b. On upper extremity training /conditioning?            hrs/week 
  
10. Estimate the typical amount of throws (warm-up through cool-down) during a 
typical: 
  a. In-season practice             throws 
  b. Game day                          throws 
 
11. Estimate the number of throws you make at an effort level greater than 90% of 
your  
maximal effort during a typical: 
a. In-season practice             throws 
   b. Game day                          throws 
 
Part 3. Medical History 
(Explain “YES” answers in the space provided below) 
  
12. Have you ever had surgery before?  YES     NO 
  If YES, on what part(s)? SHOULDER  ELBOW  WRIST   
HAND/FINGER 
  If YES, how long ago?                 years 
  
 13. In the past year, have you had any injury to your upper-extremity that has 
caused you  
to miss a practice or game? 
  If YES, on what part(s)? SHOULDER   ELBOW   WRIST  
HAND/FINGER 
 
14. Do you currently experience stiffness in your shoulder or elbow before/ 
during or  
after throwing?   YES     NO 
 
15.  Do you currently experience stiffness in your shoulder or elbow before/ 
during or  
after throwing?   YES     NO 
If YES, please continue on to questions 16-25 
If NO, please explain any “YES” answers below and sign at the bottom of 
the page 
 
* Explain “YES”  answers for questions 12-15 here: 
 
 
 
 
 
 
If you answered YES to question 15, please continue 
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16.  For how long have you been experiencing pain? (indicate a number next to 1 
category) 
 Years      Months     Days 
  
 17. When you do experience pain, how would you describe the onset of pain? 
  SUDDEN     GRADUAL 
  
18. When you do experience pain, how is it related to activity? (circle one)  
 
  ASSOCIATED WITH USE 
 
  INTERMITTENT 
 
  ALL THE TIME 
 
 
19. Have you changed your training/competition habits because of pain?  
YES       NO 
 
 20. Have your activities of daily living been effected by your pain?  YES     NO 
 
 21. Has your pain disrupted your sleep?  YES     NO 
 
 22. Have you sought medical consultation because of your pain?  YES     NO 
 
 23. Have you been given treatment for your pain?  YES     NO 
 
 24. When you do experience pain, how would you rate the intensity of the pain? 
(place a single vertical mark through the line below indicating the 
intensity of your pain)  
NO PAIN AT ALL                                        PAIN AS BAD  
AS CAN BE 
 
* Explain “YES” answers for questions 19-23 here: 
 
 
 
 
I hereby state, to the best of my knowledge, my answers to the above questions are 
complete and correct. 
 Signature of Participant:   
 
 
 
 
 
46 
 
ANTHROPOMETRIC MEASUREMENTS 
 
Data Recording Sheet 
 
Participant Name:     Throwing Hand: R or L 
Age:       Height (cm):  
Mass (kg):  
Head: C7-Crown (cm): 
Length: 
Width: 
Depth: 
Circumference: 
Upper Extremities: 
Length (cm):          
Throwing Hand: 
Throwing Forearm:     
Throwing Humerus: 
Non-Throwing Hand: 
Non-Throwing Forearm: 
Non-Throwing Humerus: 
Width (cm): 
Throwing Hand: 
Throwing Wrist: 
Throwing Elbow: 
Throwing Mid-Forearm: 
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Throwing Mid-Humerus: 
Throwing Shoulder: 
Non-Throwing Shoulder: 
Non-Throwing Hand: 
Non-Throwing Wrist: 
Non-Throwing Elbow: 
Non-Throwing Mid-Forearm: 
Non-Throwing Mid-Humerus: 
Depth (cm): 
Throwing Hand: 
Throwing Wrist: 
Throwing Elbow: 
Throwing Mid-Forearm: 
Throwing Mid-Humerus: 
Throwing Shoulder: 
Non-Throwing Shoulder: 
Non-Throwing Hand: 
Non-Throwing Wrist: 
Non-Throwing Elbow: 
Non-Throwing Mid-Forearm: 
Non-Throwing Mid-Humerus: 
Circumference (cm): 
Throwing Wrist: 
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Throwing Elbow: 
Throwing Mid-Forearm: 
Throwing Mid-Humerus: 
Non-Throwing Wrist: 
Non-Throwing Elbow: 
Non-Throwing Mid-Forearm: 
Non-Throwing Mid-Humerus: 
Torso: 
Length: 
Hip Width: 
Mid-Torso Depth: 
Hips Depth: 
Upper Torso Circumference: 
Hips Circumference: 
Mid Torso Circumference: 
Lower Extremities: 
Length (cm): 
 
Throwing Thigh:  
 
Throwing Shank: 
 
Non-Throwing Thigh:  
 
Non-Throwing Shank: 
 
Width (cm): 
 
Throwing Mid-Thigh 
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Throwing Knee: 
Throwing Shank: 
Throwing Ankle: 
Non-Throwing Mid-Thigh: 
Non-Throwing Knee: 
Non-Throwing Shank: 
Non-Throwing Ankle: 
Depth (cm): 
Throwing Mid-Thigh: 
Throwing Knee: 
Throwing Shank: 
Throwing Ankle: 
Non-Throwing Mid-Thigh: 
Non-Throwing Knee: 
Non-Throwing Shank: 
Non-Throwing Ankle: 
Circumference (cm): 
Throwing Mid-Thigh: 
Throwing Knee: 
Throwing Shank: 
Throwing Ankle: 
Non-Throwing Mid-Thigh: 
Non-Throwing Knee: 
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Non-Throwing Shank: 
Non-Throwing Ankle: 
Feet: 
Length (cm): 
Throwing Foot: 
Non-Throwing Foot: 
Width (cm): 
 
Throwing Mid-Foot: 
Throwing Distal Foot: 
Non-Throwing Mid-Foot: 
Non-Throwing Distal Foot: 
Depth (cm): 
Throwing Mid-Foot: 
Throwing Distal Foot: 
Non-Throwing Mid-Foot: 
Non-Throwing Distal Foot: 
Circumference (cm): 
Throwing Mid-Foot: 
Throwing Distal Foot: 
Non-Throwing Mid-Foot: 
Non-Throwing Distal Foot: 
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Figure 1. Upper extremity sEMG setup. 
 
 
Figure 2. Upper extremity electrode placement. 
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Figure 3. Data collection setup. 
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Figure 4. Catcher receiving a pitch. 
 
 
Figure 5. Foot contact when throwing from the stance. 
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Figure 6. Maximum external rotation when throwing from the stance. 
 
 
Figure 7. Ball release when throwing from the stance. 
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Figure 8. Maximum internal rotation when throwing from the stance. 
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Figure 9. Stance and knees mean % MVIC sEMG data for the right gluteus medius. 
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Figure 10. Stance and knees mean %MVIC sEMG data for the right gluteus maximus. 
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Figure 11. Stance and knees mean % MVIC sEMG data for the left gluteus maximus. 
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Figure 12. Stance and knees mean % MVIC sEMG data for the left gluteus medius. 
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Figure 13. Stance and knees mean % MVIC sEMG data for the throwing arm biceps. 
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Figure 14. Stance and knees mean % MVIC sEMG data for the throwing arm triceps. 
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Figure 15. Stance and knees mean % MVIC sEMG data for the throwing arm deltoid. 
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Figure 16. Stance and knees mean % MVIC sEMG data for the throwing arm scapular stabilizers. 
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Table 1. sEMG data when throwing from the stance and knees. Mean (±SD) in % MVIC. 
Stance R Glut 
Med 
R Glut 
Max 
L Glut 
Max 
L Glut 
Med 
Biceps Triceps Deltoid Scapular 
Stabilizers 
FC 31.54 
±54.77 
13.93 
±20.96 
12.46 
±7.04 
16.86 
±22.77 
11.20 
±13.86 
22.19±
50.44 
36.98 
±107.35 
20.70 
±20.86 
MER 52.02 
±109.6
2 
25.89 
±24.88 
17.14 
±8.42 
26.75 
±41.48 
17.48 
±17.90 
48.28 
±102.9 
81.58 
±272.57 
26.79 
±25.57 
BR 33.28 
±51.66 
28.89 
±23.3 
22.15 
±10.74 
33.15 
±59.39 
18.85 
±17.44 
42.89 
±87.62 
20.28 
±16.42 
31.24 
±31.74 
MIR 45.87 
±92.08 
31.64 
±25.05 
26.11 
±15.32 
37.17 
±68.65 
25.09 
±29.96 
35.39 
±64.98 
19.77 
±15.52 
34.22 
±32.82 
 
Knees R Glut 
Med 
R Glut 
Max 
L Glut 
Max 
L Glut 
Med 
Biceps Triceps Deltoid Scapular 
Stabilizers 
FC 17.57 
±24.86 
17.21 
±15.91 
16.61 
±13.57 
22.93 
±38.99 
10.90 
±16.92 
11.54 
±14.31 
14.65 
±10.01 
18.93 
±15.71 
MER 29.28 
±47.90 
21.89 
±30.44 
23.78 
±20.68 
46.86 
±80.49 
25.25 
±44.11 
20.95 
±31.31 
17.03 
±11.91 
35.89 
±32.78 
BR 32.87 
±51.24 
23.69 
±22.97 
25.80 
±26.65 
37.17 
±61.41 
33.33 
±63.69 
17.72 
±23.05 
16.93 
±16.26 
42.18 
±40.38 
MIR 32.75 
±51.18 
24.00 
±21.56 
24.82 
±22.84 
34.33 
±52.42 
32.48 
±56.50 
15.73 
±17.56 
21.08 
±26.14 
40.21 
±32.81 
 
R Glut Med = Right Gluteus Medius 
R Glut Max = Right gluteus Maximus 
L Glut Med = Left Gluteus Medius 
L Glut Max = Left Gluteus Maximus 
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Table 2. Shoulder and elbow kinematic variables when throwing from the stance and 
knees. Mean (±SD) in degrees. 
 
Stance Plane of 
Elevation 
Elevation Shoulder 
Rotation 
Elbow 
Flexion 
Pronation 
FC 14.65 
±60.64 
-71.72 
 ±82.26 
-19.63 
±49.62 
84.58  
±31.39 
58.18 
±51.62* 
MER 4.19  
±55.17 
-77.37  
±79.60 
-91.26 
±52.06 
63.02  
±37.64 
35.35 
±56.29 
BR -0.88 
 ±51.63 
-69.43  
±70.62 
-59.68 
±52.26 
31.55 
±16.61* 
55.89 
±44.77* 
MIR 29.78 
±65.23 
-52.68 
 ±57.46 
38.40  
±34.17 
23.73 
±15.62* 
64.36 
±49.99 
 
Knees Plane of 
Elevation 
Elevation Shoulder 
Rotation 
Elbow 
Flexion 
Pronation 
FC -17.16 
±80.19 
-63.25  
±75.22 
-1.94 
 ±63.11 
92.67 
 ±22.45 
30.50  
±71.27 
MER -1.74  
±73.90 
-63.83  
±87.16 
-79.46 
±61.97 
87.46  
±36.48 
40.03  
±72.88 
BR -5.33 
 ±68.66 
-56.14  
±70.35 
-47.15 
±64.02 
43.91 
±17.88* 
30.60 
±66.36* 
MIR 28.74  
±64.85 
-47.45 
 ±57.02 
52.58  
±50.72 
36.37 
±25.69* 
50.99  
±68.13 
 
 
* Indicates significant data. Plane of elevation 0=ABD and 90=Forward flexion; 
Elevation 0= Full ABD while -90 = 90 degrees abduction; Shoulder rotation (+) is 
internal rotation; Elbow flexion is (+); Pronation is (+). 
 
 
 
 
 
 
 
 
 
 
 
 
 
66 
 
Table 3. Trunk and pelvis kinematic variables when throwing from the stance and knees. 
Mean (±SD) in degrees. 
 
Stance Trunk 
Flexion 
Trunk 
Lateral 
Flexion 
Trunk Axial 
Rotation 
Pelvis Lateral 
Flexion 
Pelvis Axial 
Rotation 
FC 12.27 
±12.56* 
5.80 
 ±13.86 
-97.28 
±17.44* 
17.72  
±8.45* 
-82.58 
±18.47* 
MER 10.05 
±11.72* 
-14.36 
±15.59* 
-5.39  
±14.18 
-10.43  
±5.75 
3.08  
±12.30 
BR 2.62  
±17.46* 
-23.53 
±12.71* 
14.42  
±16.59 
-14.02  
±5.81 
12.26 
±12.46* 
MIR -2.63 
±18.10* 
-32.83 
±11.39* 
15.65  
±15.64 
-15.35  
±5.91 
12.15 
±12.14* 
 
Knees Trunk 
Flexion 
Trunk 
Lateral 
Flexion 
Trunk Axial 
Rotation 
Pelvis 
Lateral 
Flexion 
Pelvis Axial 
Rotation 
FC 21.22 
±22.70* 
.43  
±10.55 
-87.83 
±21.92* 
7.71 
 ±8.08* 
-56.43 
±19.17* 
MER 20.62 
±10.48* 
-6.05 
±21.36* 
-5.76  
±14.73 
-13.22  
±9.76 
-0.89  
±16.31 
BR 13.97 
±17.76* 
-14.78 
±21.34* 
14.88 
 ±15.95 
-14.82  
±9.60 
4.13 ± 
17.13* 
MIR 12.91 
±18.85* 
-23.19 
±22.95* 
15.08  
±19.84 
-12.99  
±9.26 
2.07 ± 
17.59* 
 
* Indicates significant data. Trunk flexion (-) is flexion; Trunk lateral flexion (+) is to the 
right; Trunk axial rotation (+) is to the left; Pelvis lateral flexion (+) is to the right; Pelvis 
axial rotation (-) is to the right. 
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Table 4. Participant demographics. 
 
Participant Age Height 
(cm) 
Mass 
(kg) 
1 16 182.88 72.73 
2 15 182.88 84.09 
3 16 167.64 75 
4 19 175.26 68.18 
5 18 170.18 65.91 
6 21 162.56 80.91 
7 15 165.1 66.81 
8 19 182.88 86.36 
9 21 165.1 68.04 
10 23 170.18 77.1 
11 9 139 45.45 
12 9 140 40 
13 9 127 28.18 
14 10 132.08 29.55 
15 9 132.08 28.6 
16 10 144.4 40.9 
17 14 172.72 65 
18 10 147.32 34.09 
19 10 153 53.18 
20 14 172.72 73.64 
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RAW DATA 
 
Raw sEMG data at foot contact when throwing from the stance. 
 
R Glut 
Med 
R Glut 
Max  
L Glut 
Max   
L Glut Med   Biceps   Triceps  Deltoid   Scap 
Stabilizers   
1.67 9.41 5.77 9.44 28.4 4.89 8.6 14.4 
18.9 11.9 9.94 17.3 4.1 4.05 36.5 5.58 
216 10.1 20.5 12.1 36.8 7.77 22.5 67.2 
16.4 4.63 3.84 2.35 3.32 4.51 5.88 22.9 
98.3 12 19.1 26.3 4.88 181 5.08 2.3 
1.96 3 3.32 3.12 6.22 4.17 16.1 2.08 
2.92 4.9 9.38 3.8 5.53 11.5 36.7 13.8 
17 10.8 4.84 3.96 8.05 2.63 9.02 22.5 
2.97 9.64 18 8.89 3.3 6.25 6.84 18.2 
1.31 6.67 10.6 5.34 7.31 3.74 16.7 3.3 
21.5 14.6 15.2 9.14 5.29 3.27 6.54 10 
24.5 101 24.4 96.9 7.86 8.23 15.4 13.4 
67.2 5.92 11.2 5.41 56.3 0.658 6.31 20.4 
1.5 3.09 4.24 3.58 1.31 1.36 3.55 9.67 
118 7.9 8.79 13.1 4.19 2.85 26.5 26.8 
1.39 12 5.3 19.6 6.34 22.5 6.6 3.03 
2.02 18.5 20.6 11.3 9.5 156 8.66 3.07 
2.32 13.5 22.5 9.7 6.43 11.8 491 68.8 
9.78 15.4 20.8 15.7 17.2 2.28 6.59 27.4 
5.18 3.6 10.8 60.1 1.67 4.27 4.46 59.2 
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Raw sEMG data at maximum external rotation when throwing from the stance. 
 
R Glut 
Med   
R Glut 
Max  
L Glut 
Max   
L Glut Med   Biceps   Triceps   Deltoid   Scap 
Stabilizers   
7.6 61.1 29.9 64 64 11.2 27.7 43.1 
19.8 13.9 14.4 12.9 2.72 6.62 37.5 5.66 
220 7.51 22 20.1 24.2 19.8 20.9 49.6 
14.2 4.76 20.9 2.41 6.21 3.79 5.56 18.2 
136 43.8 27 81.5 18.7 254 18.5 7.07 
9.41 26.8 13.6 8.81 13.4 25.8 42.2 2.86 
17.5 44 18.7 12.6 20.8 20.8 38.1 30.4 
22.7 65.4 11.3 10.7 13.8 3.78 55.9 62.1 
9.47 52.6 29 31.2 20.1 10.5 24.6 45.5 
2.22 21.1 13.5 7.5 11.8 3.35 18.3 3.6 
11.5 10.1 9.18 4.81 7.17 3.8 13.1 10.6 
11.1 89.6 22.1 27.3 41.7 18.8 25.2 10.9 
66.1 9.48 13.3 9.65 59.5 0.481 4.78 29.7 
1.59 3.88 5.2 6.87 2.01 0.899 3.34 11.6 
457 4.59 3.52 8.56 3.29 1.55 3.4 7.09 
1.17 7.18 2.76 12.5 4.28 394 24 5.26 
3.07 21.5 24.2 15.4 16.9 160 11.5 5.47 
2.49 13.8 27 11.5 6.66 12.6 1238 89 
11.1 9.47 22.8 5.62 7.6 1.79 4.52 25.6 
16.3 7.31 12.5 181 4.82 12.1 14.4 72.4 
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Raw sEMG data at ball release when throwing from the stance. 
 
R Glut 
Med 
R Glut 
Max 
L Glut 
Max 
L Glut Med Biceps Triceps Deltoid Scap 
Stabilizers 
2.33 75.6 16.3 33 30.8 10.6 18.7 42.8 
34.7 37 17.2 13.7 2.6 6.28 36.3 6.23 
221 8.52 33 15.8 24.2 9.31 20.8 51 
14.8 10.2 26.6 3.88 4.72 3.33 7.93 33.8 
86.9 52 43.4 52.8 20.8 253 9.97 8.73 
12.4 40.2 26.7 8.16 10.7 12.4 33.7 3.48 
17.1 41.8 36.1 8.97 32.2 13.8 10.5 47.6 
18 67.4 24.4 15.7 14.6 4.48 15.9 89.2 
17.3 68.6 29.1 98.6 22.7 9.41 45.1 39.6 
3.54 42.7 30.4 15.1 30.3 6.05 19.2 2.98 
12.6 10.8 10.9 4.85 8.48 3.89 14.2 12.7 
18.8 36.1 28.4 32.2 45.7 32 12.9 8.94 
84.8 7.37 12.5 12 72.9 0.645 5.65 32.7 
5.28 15.6 10.2 17.2 2.24 1.14 2.53 18.5 
73.8 3.54 5.13 11.3 3.87 1.63 21.3 4.82 
1.32 5.02 2.08 9.93 3.39 310 16.8 4.18 
3.08 21.5 30 24.4 14.8 142 5.37 4.44 
2.51 13.9 25 11.3 6.8 12 72.6 65.4 
26.2 16 19.6 6.1 12.7 4.89 11.4 27.7 
9.19 3.97 16 268 12.4 20.9 24.7 120 
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Raw sEMG data at maximum internal rotation when throwing from the stance. 
 
R Glut 
Med   
R Glut 
Max   
L Glut 
Max   
L Glut Med  Biceps  Triceps   Deltoid   Scap 
Stabilizers   
2.79 83.3 9.16 41.2 21.8 8.46 19 41.9 
32.2 44.3 22 15.6 2.56 5.79 39.4 6.6 
226 14 16 12.5 24.4 10.7 20.7 51.5 
15.2 16 33.7 6.01 4.69 3.97 6.95 45.6 
78.5 46.6 50.1 49.7 28.9 239 8.74 6.24 
17.7 34.5 30.4 9.94 23.2 13.8 30.3 19.6 
12.3 34.3 44.8 23.5 34.4 16.8 6.97 49 
9 57 34.7 21.8 15.9 4.56 12.3 60.8 
23.2 90.6 37.7 103 23.2 10.2 38.2 45.2 
3.57 42.7 41.7 15.9 39.2 6.2 18.7 2.84 
15.5 14 13.5 5.77 11.7 4.64 12.9 17.2 
23.2 52.6 59.2 34 123 46.9 26.2 10.1 
375 8.13 18.9 12 87.3 0.907 6.06 43.8 
5.83 16.5 13.2 17.1 2.97 1.18 2.4 20.8 
21 3.72 4.95 12 2.72 1.71 67 5.46 
1.35 6.76 2.47 9.36 3.41 163 16.5 4.37 
3.54 21.6 29.2 24.1 14.4 134 4.26 4.24 
2.6 15.2 21.6 12.1 6.79 12.5 19.6 69 
39.8 26.3 20.6 4.84 15.8 4.99 10.3 40.1 
9.14 4.62 18.3 313 15.5 18.5 28.9 140 
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Raw sEMG data at foot contact when throwing from the knees. 
 
R Glut 
Med   
R Glut 
Max  
L Glut 
Max   
L Glut Med   Biceps   Triceps  Deltoid   Scap 
Stabilizers   
1.54 12.2 5.73 8.58 12.1 4.77 15.5 12 
12 12.1 7.97 6.32 4.32 3.9 22.1 11.7 
82 10.4 19.2 14 2.75 16.5 33 26.8 
6.57 15.3 7.11 6.56 4.1 4.61 4.31 9.43 
39 37.1 8.99 21.9 3.34 1.72 7.23 2.64 
6.11 12.4 8.65 16 8.85 10.2 35.6 22.4 
3.65 5.96 16.1 5.75 4.7 29.6 23.8 15.9 
10.2 28.6 7.96 2.92 9.8 2.58 28.5 11.9 
8.55 42.5 59.2 43 5.04 11.2 7.02 15.3 
2.06 11.1 13.5 5.57 3.05 6.15 12 1.96 
15.6 19.1 17.3 10.2 6.01 3.99 8.11 12.1 
51.4 67.2 39 62.2 16.1 13.8 15.3 26.5 
77.6 11.7 13.8 4.29 79.2 2.55 2.96 21.5 
1.44 3.66 5 2.77 1.47 2.22 4.09 9.59 
12.6 3.66 8.06 14.3 22.9 2.62 14 14.8 
1.21 7.07 3.62 11 6.7 62.4 8.14 4.66 
0.681 12 19.5 12.4 6.93 19.9 5.15 12 
2.86 22.2 30.3 18.4 11.5 22.2 24.1 66.2 
12.7 6.05 26.7 15.4 7.67 2.66 14.9 49.4 
3.7 3.95 14.6 177 1.39 7.13 7.16 31.9 
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Raw sEMG data at maximum external rotation when throwing from the knees. 
 
R Glut 
Med   
R Glut 
Max  
L Glut Max   L Glut Med   Biceps   Triceps   Deltoid   Scap 
Stabilizers   
3.18 14 5.67 10.8 56.6 12.1 12.8 11.6 
28.2 13.7 10.9 12.9 3.2 5.33 25.3 9.8 
203 11.2 41.3 27.2 3.82 38.8 39.6 40.8 
3.58 10.4 5.5 1.99 3.92 4.16 1.28 5.8 
56.8 31.4 31.9 87.8 15.7 1.92 9.35 5.65 
19.4 18.8 6.92 7.28 17.1 13.2 27.7 52.3 
3.16 7.59 22.6 10.6 7.91 125 13.3 37.2 
12.3 27 12.3 5.27 16.5 5.11 16.7 36.4 
17 41.9 85.6 127 18.4 29.7 18.3 122 
2.06 11.2 14.4 6.53 5.17 4.72 12.6 2.13 
11.4 15.4 13.7 4.67 6.58 3.24 7.02 15.3 
40.5 145 48.4 343 20.5 17.8 10.8 36.7 
79.5 10.8 13.6 3.86 87.7 0.4 3.57 23 
1.59 4.36 5.19 3.52 2.05 3.14 5.11 10.9 
12.1 10.7 32.1 49.5 191 5.46 22.4 86.3 
0.873 7.98 4.39 14.8 8.07 39.1 18.3 7.68 
1.06 15 26.3 20.9 16.1 81.9 10.1 8.89 
2.35 13 27.1 17.5 9.08 17.8 41.7 66.5 
79.7 24 53.6 45.2 13.6 3.33 37.1 71.8 
7.88 4.41 14.2 137 2.07 6.82 7.49 67 
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Raw sEMG data at ball release when throwing from the knees. 
 
R Glut 
Med   
R Glut 
Max  
L Glut Max   L Glut Med   Biceps   Triceps   Deltoid   Scap 
Stabilizers   
2.49 21.1 7.5 18.9 62.7 14.8 8.4 19.9 
36.1 15.5 9.31 11.4 6.95 13.9 71.1 10.8 
206 11.2 40.5 27.1 3.81 38.6 39.5 40.9 
4.29 12.5 6.38 3.15 3.5 4.27 1.85 27.5 
73.9 44.9 47.5 92.7 24.8 1.56 11.7 8.14 
93.7 71.4 8.77 11.8 25 18.1 27.3 61.7 
2.44 4.78 11.8 8.78 12.5 60.1 21.6 20.8 
16.7 17.3 6.14 4.43 9 5.68 16.1 64.6 
13.6 81.4 113 80.4 44.8 21.7 19.1 45.4 
2.18 11.4 13.8 5.89 7.3 4.8 12.8 2.22 
11.9 18.1 14.9 5.42 5.77 4.91 4.36 11.3 
12.8 64.8 58.7 56.2 27.6 16.7 6.56 26 
85.7 10.9 14.2 4.34 85.6 0.467 5.37 23.6 
1.69 5.18 6.09 5.78 2.24 3.51 2.59 15.3 
12 16.1 44.5 43.7 287 12.7 16.3 156 
0.897 9.8 3.89 10.9 7.21 3.7 33.1 19.9 
1.24 13.6 25.4 39.5 6.87 95.2 6.64 11.3 
2.38 14.3 22.1 13.9 9.13 16.9 7.17 73.8 
71.9 25.6 47.9 25.1 32.6 9.78 15.6 90.4 
5.46 3.92 13.7 274 2.21 7.12 11.4 114 
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 Raw sEMG data at maximum internal rotation when throwing from the knees. 
 
R Glut 
Med   
R Glut 
Max   
L Glut Max   L Glut Med  Biceps  Triceps   Deltoid   Scap 
Stabilizers   
2.56 21 7.42 18.7 63.8 15.5 8.26 19.8 
36.8 15.3 10.9 13.4 21.2 16 72.4 11.8 
192 12.6 43.9 28.3 3.86 40.4 38.7 33.6 
4.74 13 6.34 4.06 3.41 4.23 2.61 53.3 
61.7 41.8 53.6 104 31.1 1.63 11 8.37 
121 70.4 9.76 13.8 21.1 17.7 31.4 42.8 
2.49 3.76 12.1 9.37 17.2 38.2 109 32.2 
7.91 18.8 5.32 4.79 12.5 5.61 16.7 66.4 
3.75 73.6 93.5 67.7 57.1 13.8 12.7 44.3 
2.14 11.4 13.7 6.28 9.32 4.73 12.8 2.27 
13 20.1 16.4 6.61 6.12 5.47 6.72 11.7 
12.4 66.4 52.5 21.6 20 15.6 6.57 19.5 
81.5 15.6 14 4.28 80.4 0.472 5.47 20.8 
4.29 12.2 5.55 5.47 2.33 3.42 2.55 19.3 
12.6 12.9 39 36.3 254 20.5 15.3 115 
0.887 9.86 3.58 14.3 7.12 3.19 22.4 23.8 
1.68 15.3 30.7 37.8 7.94 74 12.1 13.3 
2.35 12.8 25.2 14.1 8.57 17.3 6.19 95.6 
85.1 29.1 37.7 45.8 19.2 9.84 16 81.4 
6.03 4.16 15.3 230 3.23 6.92 12.8 89 
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Trunk and pelvis kinematic data at foot contact when throwing from the stance. 
 
Trunk 
Flexion  
Trunk Lateral 
Flexion  
Trunk Axial 
Rotation  
Pelvis Lateral 
Flexion  
Pelvis Axial 
Rotation  
-3.266604 28.606129 -92.437307 27.755574 -83.953033 
17.057212 3.794819 -86.795705 10.251541 -49.391372 
2.219377 14.446806 -88.472666 26.503188 -78.565703 
1.340681 11.211634 -88.064306 20.141383 -83.350632 
11.050739 28.042669 -94.14603 30.391672 -78.517296 
-6.521226 6.284667 -91.540655 22.799364 -81.967789 
22.019351 19.486484 -111.175359 10.877186 -105.960764 
8.320179 2.731486 -83.672777 18.600593 -55.947936 
7.333637 19.769973 -47.582657 10.56449 -39.398267 
16.618553 -18.043298 -90.957289 16.241043 -75.029961 
-3.164308 -9.699674 -87.075602 5.834016 -68.068276 
31.273867 9.995029 -102.62176 19.198854 -99.169698 
8.253692 -21.62033 -103.035968 16.223542 -80.184389 
15.813772 1.152815 -98.473085 24.193174 -95.583763 
29.230326 5.878595 -122.587407 27.500716 -91.999041 
-6.185351 -14.445811 -117.690052 13.713063 -100.519606 
23.21138 -0.780835 -96.25215 27.148185 -96.575831 
36.235477 14.525075 -108.069067 11.359668 -93.801616 
15.674406 7.563571 -103.558784 17.344926 -83.090744 
18.859792 7.140444 -131.471511 -2.297756 -110.429816 
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Shoulder and elbow kinematic data at foot contact when throwing from the stance. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation  Elbow Flexion  Pronation  
44.059643 -113.97295 -36.994593 86.613685 112.591211 
176.768166 110.902558 100.851029 114.517283 70.402627 
22.198474 -108.06051 -29.904243 87.272218 117.491206 
-172.89159 81.674652 122.483932 63.426324 76.705442 
19.388369 -82.042135 -66.021009 88.110577 43.150702 
16.135051 -102.277953 -22.67264 56.787396 114.701708 
30.731197 -122.416323 -43.340702 62.069274 59.34824 
-30.772795 -99.070236 -17.127642 81.435605 46.205876 
-21.171753 -113.377328 -6.786862 110.818528 98.468029 
5.061234 -100.256592 -37.504518 120.931104 114.013871 
28.713487 -107.988195 -47.991622 110.994683 -40.739425 
27.711285 -135.436182 -14.13866 88.210233 85.168327 
27.968859 -122.748406 -37.132289 97.981366 41.633748 
-18.699243 -121.666939 -35.888866 100.211058 94.77722 
38.688637 -134.825559 -48.637501 89.151078 27.81988 
20.12357 -41.962561 -24.161941 96.497715 51.40897 
29.411671 -99.292093 -55.149594 111.223193 83.040252 
33.864313 -155.70189 18.149101 106.749857 56.200342 
28.189058 68.356896 -76.982543 -1.419043 -61.441797 
-12.395019 65.731161 -33.674607 20.089791 -27.398353 
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Trunk and pelvis kinematic data at maximum external rotation when throwing from the 
stance. 
 
Trunk 
Flexion   
Trunk Lateral 
Flexion  
Trunk Axial 
Rotation  
Pelvis Lateral 
Flexion  
Pelvis Axial 
Rotation  
10.523274 -9.790426 -7.324148 -12.929194 10.781848 
8.108608 -17.199972 -14.642104 -13.196159 7.900488 
10.581313 -18.355058 0.223557 -11.950396 2.046461 
20.411339 -31.069139 -1.134514 -5.630252 8.396866 
20.338268 -3.48547 -1.753773 -13.123724 -5.713523 
11.504923 -32.788889 -5.802092 -18.981086 -10.377453 
9.406917 -21.268524 -9.376621 -6.593258 -7.68538 
21.015314 -20.939677 33.955077 -16.344853 19.806829 
0.407659 1.023273 15.562283 -16.051414 19.087796 
14.510219 -18.091222 1.127444 -12.686517 9.624977 
11.433541 -31.345787 -9.380528 -8.700174 -5.708442 
-22.997407 -9.460286 -16.679947 -12.808242 2.703356 
20.896488 -17.172974 -5.568583 -9.219789 11.545361 
-9.609337 -25.267879 4.5707 -8.063662 2.840007 
2.226969 13.956015 -15.633334 -8.116363 -9.319497 
20.412052 -17.959374 -14.250393 -10.14051 -12.92363 
14.253461 -7.223463 2.916122 -20.392258 13.395889 
18.203673 29.186377 -21.094438 4.310027 21.554014 
22.017184 -19.284556 -8.601875 -5.071152 8.433964 
-2.694353 -30.706416 -34.895272 -2.89058 -24.714443 
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Shoulder and elbow kinematic data at maximum external rotation when throwing from 
the stance. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation Elbow Flexion  Pronation  
42.32225 -107.360354 -120.545047 74.057211 36.736226 
-133.569294 111.027026 19.272661 85.830811 81.474592 
-6.091444 -121.416506 -119.953558 64.15326 74.25958 
-162.127228 87.955213 48.743128 39.998471 53.782719 
25.414844 -94.711411 -147.666654 113.833224 42.834738 
40.222659 -104.088581 -81.972318 55.304109 99.637855 
7.889781 -114.533823 -135.495253 41.633905 26.490921 
-7.49635 -101.591727 -73.928024 57.442027 32.881621 
-1.408325 -109.296876 -60.103785 -65.911134 -113.099761 
35.166455 -93.47955 -81.7914 93.634203 90.493132 
22.949261 -113.228778 -142.354734 103.652199 -14.672243 
21.629 -149.822375 -115.233251 57.46787 83.409846 
19.85733 -108.532144 -111.668555 59.126816 -8.788719 
10.287113 -90.845577 -124.377428 56.383483 60.151828 
6.883017 -148.971404 -140.782401 76.755302 39.744142 
50.418688 -94.974505 -130.626669 70.289777 43.822175 
42.023163 -123.038441 -102.021474 66.138244 80.016518 
-0.135532 -156.467638 -93.921835 112.201171 92.386792 
47.965667 46.187343 -58.04484 37.917466 -63.184074 
21.581772 39.836913 -52.736959 60.476181 -31.28502 
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Trunk and pelvis kinematic data ball release when throwing from the stance. 
 
Trunk 
Flexion   
Trunk Lateral 
Flexion  
Trunk Axial 
Rotation  
Pelvis Lateral Flexion  Pelvis Axial 
Rotation  
6.378432 -22.553801 11.190678 -17.917643 24.613726 
3.505328 -23.655069 4.455342 -15.103006 19.137849 
8.124572 -27.689151 25.491346 -17.000077 10.991923 
26.17132 -37.327617 14.849006 -7.646799 15.271753 
22.37619 -15.614927 29.372542 -19.639837 8.903328 
7.454503 -35.840389 14.724188 -26.25109 1.105502 
2.83368 -30.692791 2.373498 -7.23365 0.79827 
15.621047 -30.797008 56.927839 -17.921148 27.574413 
-5.515017 -21.347127 33.03079 -16.030143 18.029321 
11.465481 -24.37819 14.586555 -15.275602 11.310668 
7.4401 -38.890177 18.527086 -9.683393 4.912622 
-41.979089 -27.634782 -8.287752 -14.753117 15.636317 
17.21357 -16.825893 19.438038 -12.572188 17.918719 
-24.261787 -41.193396 4.099427 -10.651628 6.484979 
-13.810063 4.145535 7.567179 -13.158009 0.4337 
17.064934 -33.231409 -7.012179 -10.746272 -9.649385 
12.187706 -11.405886 14.938422 -24.949913 19.674717 
-17.485071 6.575873 14.932088 -4.511124 35.723685 
14.846146 -22.78488 33.422336 -13.974415 28.314505 
-17.141349 -27.40233 -16.318733 -5.47125 -12.047784 
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Shoulder and elbow kinematic data at ball release when throwing from the stance. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation  Elbow Flexion  Pronation  
38.096098 -101.597079 -108.920734 28.916828 53.932512 
-133.737387 92.480569 27.218559 38.989002 105.235071 
16.730395 -77.946977 -76.72329 37.183034 78.268535 
-146.163199 83.758152 79.865804 12.585071 87.838202 
15.142847 -74.073648 -123.831417 52.753862 52.156599 
31.567389 -85.75415 -56.638057 27.576 100.378303 
31.307311 -106.906579 -78.589434 -3.264024 72.085174 
-25.26947 -91.489448 -36.656277 17.85968 23.897773 
10.557295 -80.488581 -30.885304 36.834258 55.413176 
24.528229 -96.71263 -62.73753 46.472596 85.131046 
37.355415 -98.219303 -120.387861 37.434692 24.216889 
-0.075626 -142.841417 -102.784591 9.226101 95.968347 
15.438436 -106.346698 -74.551841 8.909006 30.604998 
8.425243 -96.011623 -83.341961 28.399149 83.722769 
16.096217 -140.398813 -90.164883 23.172473 48.481998 
48.925881 -81.241383 -68.663361 32.368403 75.559819 
30.661636 -125.86948 -74.11204 42.281793 93.757508 
-0.644405 -125.45177 -96.371601 53.448581 56.575959 
-9.558086 29.775947 -3.706145 38.011372 -68.346212 
-27.047464 36.812881 -11.572059 61.743992 -37.100675 
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Trunk and pelvis kinematic data maximum internal rotation when throwing from the 
stance. 
 
Trunk 
Flexion   
Trunk Lateral Flexion Trunk Axial 
Rotation 
Pelvis Lateral 
Flexion  
Pelvis Axial 
Rotation  
3.72405 -34.091804 22.26712 -17.880698 33.20558 
-0.279227 -28.978082 7.596895 -16.383883 21.5964 
10.479278 -37.091626 22.280243 -18.215092 4.790871 
26.17132 -37.327617 14.849006 -7.646799 15.271753 
11.585074 -32.197452 29.548053 -24.172659 6.864435 
7.987586 -38.509224 25.519056 -27.151166 1.608971 
-8.894986 -40.140188 3.257996 -10.247537 0.425395 
12.733991 -41.51888 60.508017 -19.448393 26.791861 
-11.115885 -36.85784 18.887844 -18.677144 6.493386 
4.751237 -40.031007 11.28855 -14.888549 7.71398 
-0.694739 -47.301313 18.308324 -13.924328 4.822641 
-48.427839 -34.738918 -6.756735 -13.143056 24.217933 
10.906059 -23.089316 20.170777 -12.734838 16.274035 
-20.172579 -47.56206 9.59274 -12.090047 1.915215 
-16.396174 -5.837711 4.970704 -14.150162 6.240429 
12.923302 -35.954421 -11.898027 -10.660781 -16.547525 
8.644524 -23.030666 20.936289 -26.621717 18.439389 
-22.665729 -4.416416 14.186006 -4.169532 29.576231 
-1.149911 -31.71581 30.033568 -13.220699 23.673696 
-32.699637 -36.242282 -2.546528 -11.645247 9.657263 
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Shoulder and elbow kinematic data at maximum internal rotation when throwing from the 
stance. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation  Elbow Flexion  Pronation  
69.328301 -73.985303 15.80441 10.324786 74.83667 
-102.718581 54.351292 133.811375 43.812835 142.232484 
56.607363 -69.067936 64.052917 2.553741 75.954838 
-146.163199 83.758152 79.865804 12.585071 87.838202 
48.819252 -65.171875 -26.147842 33.978791 99.645315 
37.598104 -78.431205 54.441738 13.791208 111.472657 
64.083183 -80.478894 16.535368 14.581038 71.068333 
4.79336 -76.452722 60.170889 29.098348 39.519675 
50.304945 -81.546662 68.933852 28.656786 59.149965 
54.021854 -79.969685 31.621122 18.279148 111.289508 
83.973128 -59.848272 -1.005972 34.157744 8.393735 
90.790858 -99.348944 44.175342 -11.969953 53.183408 
47.796914 -78.628332 44.185473 11.979496 28.757185 
57.631345 -92.99127 24.712492 32.614613 91.003565 
56.48826 -100.151627 30.984588 32.332512 75.612044 
79.550774 -74.661816 14.448687 33.8284 61.18204 
56.123384 -69.831653 20.949121 16.061727 89.869831 
82.057298 -97.639844 52.888725 22.538139 106.955513 
-33.323187 32.511218 26.584082 39.845973 -57.57618 
-62.15031 53.972681 10.955032 55.593696 -43.210099 
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Trunk and pelvis kinematic data at foot contact when throwing from the knees. 
 
Trunk 
Flexion   
Trunk Lateral 
Flexion  
Trunk Axial 
Rotation  
Pelvis Lateral 
Flexion  
Pelvis Axial 
Rotation  
6.030313 0.322995 -73.005814 -1.598746 -51.511084 
16.509022 12.667758 -102.140107 8.999067 -37.668996 
0.83506 16.934749 -74.536757 17.284204 -58.225987 
0.85402 -7.598618 -55.870716 7.678048 -36.242868 
35.128495 25.533548 -77.098647 18.737222 -30.865738 
15.560288 4.966489 -83.210742 7.277629 -59.00041 
27.125457 3.134889 -108.416989 -2.944086 -63.114307 
20.724235 1.110541 -82.056117 10.202169 -41.526874 
-1.994252 5.105494 -42.43389 5.270126 -25.825536 
18.607322 -16.133892 -83.119309 13.196933 -48.427642 
-3.863304 -12.289315 -97.484032 -1.161471 -63.722544 
41.121164 1.941528 -106.515747 3.384729 -67.670226 
17.646373 -2.345261 -60.467061 2.073887 -49.604828 
26.685476 10.070407 -68.749699 29.032769 -54.489861 
95.544078 -13.246999 -108.707442 3.138812 -59.883314 
-1.927552 -10.418565 -101.997886 9.842469 -76.370064 
24.692479 -5.733203 -85.450931 0.133271 -65.112439 
48.160993 -0.21228 -128.270562 16.500966 -79.969142 
15.619499 -7.495565 -100.077598 5.239176 -48.610114 
21.299726 2.320471 -116.947617 1.902144 -110.661547 
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Shoulder and elbow kinematic data at foot contact when throwing from the knees. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation Elbow Flexion  Pronation  
93.443257 -80.343795 -42.314186 95.363832 100.625993 
-155.336742 76.195953 95.08539 111.882505 -3.581233 
99.369808 -80.107309 -27.884944 79.003358 106.243873 
-127.609312 41.349223 108.132333 55.799885 47.555676 
4.887067 -123.985114 -74.074441 90.659652 56.767091 
26.566012 -96.173236 -37.317408 86.633588 131.075864 
-7.624567 -114.627947 -31.287625 127.21112 40.145856 
-29.612562 -104.340044 -22.081824 82.867315 46.537984 
-28.978417 -84.534543 -3.466754 99.451477 85.355088 
2.732197 -98.380459 -31.110478 124.319897 119.278105 
10.074386 -119.50611 -43.953297 107.90702 -33.99039 
21.388729 -141.090845 -9.079529 95.691806 75.698938 
42.649422 -65.529437 -26.645534 89.719104 -25.546014 
30.225788 -78.709301 -17.660787 85.568714 17.885363 
-175.02002 -127.340168 70.864869 87.892196 -147.860927 
-155.366103 46.25978 161.789449 81.284063 64.708487 
-30.904827 -120.241258 -38.760608 127.473171 64.582693 
41.021581 -124.748921 19.92089 113.039998 -22.393974 
51.44315 61.56178 -83.468081 40.290135 -37.168187 
-56.606969 69.360999 -5.477441 71.279401 -75.970727 
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Trunk and pelvis kinematic data at maximum external rotation when throwing from the 
knees. 
 
Trunk 
Flexion   
Trunk Lateral 
Flexion  
Trunk Axial 
Rotation  
Pelvis Lateral 
Flexion  
Pelvis Axial 
Rotation  
14.620009 -11.48162 -15.711043 -20.924193 -2.25489 
16.391862 -7.5413 -14.199913 -14.84675 15.374982 
27.134152 -11.753173 -11.540023 -16.818084 -13.705613 
39.774689 -18.175 0.198702 -4.669498 -2.732159 
27.816741 10.16991 0.723471 -3.850693 12.070627 
31.957252 -13.020282 -15.132687 -11.732024 -16.767204 
11.794432 -15.064509 -18.196309 -10.219109 -9.297305 
23.226805 -5.997423 19.048266 -16.199393 24.086071 
22.636142 -14.330565 19.712698 -12.420788 23.99209 
20.070817 -11.229568 6.236784 -19.214907 8.159249 
16.290226 -24.802037 -3.042607 -22.994967 -3.335698 
-5.938773 -14.397499 -1.375823 -25.669121 -1.823037 
24.781754 -10.587816 14.750568 -15.60841 19.863296 
8.948412 4.688757 -18.138115 18.147267 -25.509667 
23.4118 68.790535 -33.763079 -22.756782 -17.741062 
26.25016 -23.090118 -7.928643 -15.916736 -22.91495 
20.058563 -1.778952 4.254655 -22.35972 11.348275 
25.977081 24.321655 -32.134971 -3.970588 -0.02718 
32.724109 -20.171201 -3.94189 -12.216418 10.810009 
4.400069 -25.584051 -4.951933 -10.247513 -27.40732 
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Shoulder and elbow kinematic data at maximum external rotation when throwing from 
the knees. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation Elbow Flexion  Pronation  
43.987232 -115.209476 -116.561588 80.009161 44.141408 
-137.77385 122.067322 18.656709 66.115505 36.177197 
-43.201326 -137.492535 -143.862515 65.761955 72.50899 
-160.756146 105.783466 61.107846 16.856158 54.848547 
22.287065 -99.922299 -149.115611 113.74799 34.084509 
47.014687 -88.065022 -96.374348 137.907051 157.855227 
31.871003 -81.782301 -126.2192 89.281851 10.608392 
-15.959437 -111.264049 -89.933889 99.886008 56.198586 
-2.720831 -84.656395 -67.630892 159.130076 142.760507 
28.227471 -94.214619 -86.552839 75.676199 87.590729 
23.061016 -100.892139 -133.208997 94.476481 -18.099039 
31.753912 -130.324163 -98.376078 42.682534 79.703726 
8.434342 -107.89747 -112.706988 46.814295 2.3945 
-8.085839 -129.183273 -135.856763 98.106913 73.333675 
159.693292 -148.523474 -51.615171 83.653479 -136.914175 
-128.297046 82.010636 62.831351 66.893514 53.329736 
26.979669 -92.966681 -96.868425 87.041273 58.841468 
-33.685982 -137.998587 -106.986031 166.538904 127.89878 
70.030618 33.82264 -65.485398 77.129574 -93.157832 
2.388727 40.12362 -54.477561 81.527595 -43.432488 
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Trunk and pelvis kinematic data at ball release when throwing from the knees. 
 
Trunk 
Flexion   
Trunk Lateral 
Flexion  
Trunk Axial 
Rotation  
Pelvis Lateral 
Flexion  
Pelvis Axial 
Rotation  
10.73569 -23.536557 1.501905 -25.244467 7.171716 
11.438809 -12.306724 -4.164752 -14.821675 20.13885 
31.556293 -27.578903 26.142361 -24.727839 1.585163 
47.004385 -28.530329 13.560535 -3.959612 -0.684984 
24.68684 0.943243 24.228449 -3.514581 16.695996 
28.994964 -19.964421 10.503006 -9.808306 -8.614006 
7.825492 -24.418052 -2.610426 -11.394947 -3.04474 
26.299886 -17.948721 48.849528 -14.28387 30.584102 
29.827842 -22.627675 51.104309 -10.519035 27.272906 
15.410226 -19.671737 16.943784 -18.600966 9.361839 
14.167297 -27.974558 15.507544 -22.465902 0.07114 
-16.76455 -22.751161 4.365667 -26.14125 4.650205 
24.602495 -14.486258 34.502234 -16.703323 21.516821 
-2.567547 -4.848967 -3.281657 14.391787 -30.349136 
-25.063115 63.136013 3.293978 -25.441926 -15.81311 
26.928235 -30.914909 0.569249 -16.972086 -22.8868 
15.980271 -9.951501 15.900283 -21.849683 12.708413 
-7.400683 8.912802 10.124592 -13.384916 17.30742 
18.612636 -29.389454 21.955462 -12.612303 15.917799 
-2.953471 -31.736659 8.604093 -18.288668 -20.891627 
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Shoulder and elbow kinematic data at ball release when throwing from the knees. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation Elbow Flexion  Pronation  
43.747997 -100.269955 -107.33466 30.410249 46.836393 
-130.972819 86.542904 36.242556 22.050321 78.82597 
-7.062137 -76.788417 -83.948377 36.206452 70.174695 
-136.214264 74.114421 86.791417 43.434989 -69.357366 
11.453022 -77.970508 -118.263104 46.438088 71.385274 
30.237296 -68.471657 -74.094956 39.108407 105.728908 
24.249985 -73.443054 -76.472696 62.446806 51.433221 
-25.166774 -89.266076 -73.560452 21.413179 11.178034 
-2.510689 -56.294198 -53.604235 47.411658 67.746447 
20.08938 -88.729922 -65.89009 36.152597 85.452301 
32.886229 -84.392096 -124.788408 48.943506 2.131409 
21.328128 -123.141145 -70.532637 23.56919 96.971626 
7.872019 -98.509984 -57.371457 24.915021 55.940255 
9.73859 -118.287728 -116.052021 29.524074 48.845627 
170.846851 -139.871301 26.240389 52.783908 -129.148545 
-134.018084 61.871451 89.120847 38.77714 73.872009 
-0.475019 -90.775089 -69.15831 62.588732 71.179857 
-3.715788 -116.450333 -73.482427 47.964201 11.826416 
-10.379826 19.639427 10.25986 85.555051 -95.678831 
-28.596173 37.660434 -27.122697 78.420719 -43.43087 
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Trunk and pelvis kinematic data at maximum internal rotation when throwing from the 
knees. 
 
Trunk 
Flexion   
Trunk Lateral 
Flexion  
Trunk Axial 
Rotation  
Pelvis Lateral 
Flexion  
Pelvis Axial 
Rotation  
9.088561 -32.634006 15.991134 -23.03853 8.394095 
9.283576 -17.160213 -1.420582 -12.171731 19.324074 
36.015941 -38.943042 26.776517 -25.030267 -0.515225 
44.86536 -37.897671 12.9747 -1.279557 -2.897448 
29.829943 -7.808506 32.921955 -1.70003 19.407688 
28.962351 -24.879754 13.003225 -7.974656 -10.403449 
5.462176 -29.931716 3.095631 -11.907443 -2.9852 
26.106481 -30.750978 63.183584 -9.732134 25.903985 
36.85075 -34.090167 52.006657 -7.109549 24.503692 
13.957115 -36.037986 15.728802 -13.105723 6.018093 
8.440746 -43.251496 15.257993 -14.526777 -4.072481 
-22.031647 -29.096091 -4.155714 -23.237002 9.517545 
22.773754 -15.500981 34.575223 -13.365864 22.252153 
-6.684796 -5.801835 -17.04011 12.047592 -41.949601 
-16.41506 60.52294 -5.582313 -24.476316 -14.471114 
22.957226 -40.762195 -8.190953 -14.42234 -23.797974 
13.26744 -24.034561 16.561165 -21.606883 11.614932 
-14.939568 -4.19488 6.433313 -12.049154 13.084568 
16.258136 -35.059803 21.599031 -12.082518 -1.211896 
-5.793709 -36.416718 7.924673 -23.093702 -16.264132 
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Shoulder and elbow kinematic data at ball release when throwing from the knees. 
 
Plane of 
Elevation  
Elevation  Shoulder Rotation Elbow Flexion  Pronation  
62.610656 -73.806844 15.982464 26.487598 74.542376 
-94.009196 53.444956 122.015399 35.901238 139.086656 
59.924981 -58.398435 56.961542 2.005128 88.673996 
-71.832419 31.097726 136.779952 36.504647 118.593048 
39.826414 -50.373148 3.65849 22.555434 97.49888 
57.025026 -61.810501 39.687503 10.623516 120.828933 
29.022766 -96.444889 23.516763 69.680709 70.496349 
-3.618901 -75.870387 56.042525 23.901608 26.997702 
26.924817 -48.439377 64.791166 41.807013 78.081453 
47.300991 -75.746699 33.152126 22.858168 92.848373 
89.00395 -57.570753 -17.636694 38.076455 -0.722446 
74.561029 -90.413909 54.088371 -6.644522 53.616009 
35.818996 -70.542552 40.314174 19.888666 35.95919 
80.23257 -99.947869 38.577918 39.638405 63.69908 
151.714592 -122.461813 100.388452 45.247214 -127.85555 
-103.645136 59.287592 175.645448 22.781936 80.545331 
41.767724 -77.782268 26.859624 31.100065 66.23222 
90.620186 -105.016288 88.799951 73.008009 63.911753 
-1.86721 32.477818 12.788107 96.949112 -91.095255 
-36.521396 39.239704 -20.877488 75.023496 -32.076188 
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